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PREFACE 



International cooperation In the area of education 
la of prime Importance, especially within science and 
technology which are changing our lives every day. Regio- 
nal cooperation among countries with similar problems and 
potentials such as the Nordic countries Is not only of 
value In Itself, but can also provide a starting point for 
aa true "internationalization" of educational research and 
development. 

In order to promote such cooperation, Unesco recently 
established an International network for Information In 
science and technology education. Each of Unesco's Member 
States was Invited to nominate a partlclplng institution. 
The purpose of the network Is to encourage cooperation and 
exchange of Information both on a world-wide scale. and also 
among regional or sub-regional groups of countries with si- 
milar condition* and concerns, such as the Nordic countries. 
The Nordic Conference was organized in the framework of this 
network, with financial and technical support from Unesco. 
The Royal Danish School of Educational Studies, which is the 
Danish member of the network, undertook the organization of 
the Conference. 

In the past many Nordic science and technology educa- 
tors have considered their problems from a purely national 
point of view and have not taken full advantage of the pos- 
sibilities offered by a more extensive international coope- 
ration. Similarly the cooperation in each Nordic country 
between science and technology educators within different 
fields or at different levels has frequently been unsatis- 
factory. Therefore it was the aim of the Nordic Conference 
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not only to bring science educators from all parts of the 
Nordic region together, but also to let teachers from dif- 
ferent fields and different levels work together on their 
problems which are often common or strongly related. 

The Nordic region is in no way isolated from the rest 
of the world. It is strongly dependent on what goes on in 
both developing and industrialized countries. Therefore 
three eminent science educators from other parts of the 
world: India, the United States, and Yugoslavia were in- 
vited to the meeting* Their participation was supported 
by the Nordic Cultural Fund, and it was of immense impor- 
tance for the Conference. So was also the participation 
of Unesca staff members. 

The Nordic participants, around 40 science and tech- 
nology educators from Finland, Norway, Sweden, and Denmark 
did a remarkable job. They did not only present a large 
number of valuable results and ideas, but they did that in 
a very clear and concise way which was essential for the 
outcome of the Conference; In the small group discussions 
they worked hard and obtained excellent results. 

Organizing a conference may be hard and unpleasant 
work* In this case it became a pleasure thanks to the 
sponsors, especially Unesco, and to the outstanding spi- 
rit and brilliant work done by the participants. There* 
/ore, one may hope that the Conference also will work as 
a starting point for future Nordic cooperation in the 
field of science and technology education* 



Erik W. Thulstrup 
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SCIENCE TEACHING WITH COMPUTERS 



Bant B. Andresen 

Royal Danish School of Educational studies 
EmdrupvoJ 11 5b, DK-2400 Copenhagen NV, Denmark 



1. Educational technology - Introduction 

During the years much effort has been dona to help 
pupils and atudants to improve thalr understanding of 
science. Currently It is often discussed whether 
educational te c hn o logy can help the students to 
improva this understanding. He can define educational 
technology aaC.13i any technological system that is used 
to create or to improve learning envlronmenta. 



These educational technologies include a great 
number of different technologies} such asC23* 

1 • Computers 

2. Database aystems 

3. Telecommunications 

4. Television 

5. The video discs 



Computet a are both microcomputers, minicomputers 
and main- frame computers • In consequence of the 
Increases in the capabilities and the decreases in the 
cost, microcomputers are currently the dominant technology 
in education in sane countries and Mill reach that status 
in many more countries within the next decade. The 
microcomputer is a highly interactive) medium, in 
comparison with the other educational technologies. 

Database systems are helpful in all sorts of 
education. They vary from large systems implemented on 
mainframes to smaller systems on microcomputers. 




Telecommunication is a relatively new sort of 
educational technology, but holds a great deal of 
promises, especially in distance learning environments 
like the so-called 'open universities'. 

Television does not need many cements. It is 
the oldest of the educational technologies. And like 
any educational technology it is better suited f 0 r some 
teaching styles than for others* 

Also the video-disc is a relative newcomer 
to educational technology. Potentially it seems to be a 
very valuable technology in education, but in practise 
the production cost of the video-disc might prevent 
the use in university and school science education. 



2j — The comp uter in tb» ttllffffrffl 1 ) 

The focal point for the following discussion will be 
the microcomputer and the practical teaching. 

Among the different modes of using the computer in the 
classroom, I distinguish betweenC33* 



Computer based aids, including: 

a. systems for nord processing, which are very 

powerful aids for developing writing skills. And 
although such skills are not directly within the 
scope of the science education, the word processing 
systems might be convenient aids for the preparation 
of reports. 

b. Spreadsheets which permit the exploration of 

'what if?* questions in symtm* characterized by 
sets of algebraic equations. 

e. programs for data collection, which permit 

students to focus on the interpretation of data 
rather than on its collection. 

d. software that plots and labels graphs. This way 
of use slso includes curve fitting. 
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B. Computer baaed learning- environments, in which the 

major principle is learning through computers. 
This mods of computer use includes: 

a. quest! on- sad- Answer tutorials* 

b. drill sod practise •sarteanta*. 

Learning through computers is a computer-controlled 
learning mode as compared with learning with the 
computer. The major focus of research and 
development in educational computing has been on this 
mode of use. And most of the programs currently 
available can be categorised as being based on this 
principle of use. 

Many of the programs within this category do not make 
the full use of the interactive potentials of 
the computer. Often the computer is not used for 
nothing but electronic page-turning purposes. 
However, this does not mean that this electron! zed 
page-turning mode cannoti at all be useful in 
fostering learning. This can especially be true, if 
it is used very carefully as part of a total approach 
in the educational ^y^tm* tn other words, this can 
especially be true if the computers are regarded as 
add-on devices which ought not to replace anything 
else£43. 

C. Computer based •learnlng-envlroaroenta in which the 

major principle in learning is learning «ith 
computers. This mode of computer use includest 

a. The use of the eonputcr as a simulator of 

real nature phenomena* which otherwise would have 
been lnacceslble to the pupil and the student 
because of dancer* equipment cost, complexity, time, 
scale etc. The mode provides the student with a 
varied and extensive collection of examples within 
the field of science. 

b. nicroeorlds represent a combination between 
simulations and aids. In this mode the students 
'discover* important concepts by experimentation! 
rather than by traditional didactic roethodeC53. 

The mlcroworld mode of use means using the computer 
to create an environment in which learning can 
occur. Of the three mentioned ways this is the most 



12 



sophisticated way of using computers, and tharefore 
also ths most difficult to implement. Currently it 
is the least developed of the three, but opinions 
have been expressed that it will be one of the most 
important mode of use in the future, I agree in 
that point of view. 



3. Learnins threurh and with cmmtere 

Exploring the difference between learning 
through and learning with computers a little 
further 9 the two modes of use can be contrasted. We 
can do so with help from the following scheme covering 
the spectrum of modes of useC63t 



<— Spactrua of aodtt of operation > 

Syatwft charactarlstlcsi Fined lyttm Flexible lyitm 

Cloaad systeaa Opan lyitni 

Focus oni Proolee solving ProblM generating 

(What is...?) (What if...?) 

Reeclts Proceaaes 

Training Discovering 

Competition Cooperation 

Debuggings Errora " negative Errarm » poaitiva 

Dahavorial objectives* Specific knowledge Qanaral concaptiona 

Specific skills Qanaral strategies 



In the learning mode within the right side of the 
spectrum the pupils and the students "discover" important 
concepts by experimentation rather than by traditional 
didactic methods, as for example training* 

With the use of the microcomputer for training 
purposes in particular, and with the mode of use called 
learning tiirough computars in ganeral, we are within 
the left side of the spectrum* However* it seems to be 
the general opinion among teachers on primary, secondary 
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and tertiary level, that the praniaes of tha computer do 
not lia in this Hay of uaint mi croc am put era in acienea 
•ducat ion. Tha praniaaa lia elaewhere in tha uaa of tha 
microcomputer* 1. aa an aid, and 2. aa a new medium for 
learning, partly complementing existing teaching methoda 
and partly opening up entirely new possibilities. This 
list-mentioned way of use, the learning with tha 
computer, ia towards tha right aide of tha a pec tr urn. 



4- When ahcmld t he ccmputar bo uaed in education? 



In the previoua aectiona I have touched tha 
problem of when and how we can uaa computers in 
education* Tha problem can, aa it haa been done in a 
faoous way by profaaaor Joseph Weizenbaum, be formulated 
in tha following ways 'Giving that we can do acmething 
with a computer, should we?* 

The queation ia rethorical. When putting it that 
way I think that profaaaor Veizonbaum intanda to warn us 
againat modes of uaa, that are technology led, e.g. 
modea of uaa of tha types 'Solutions in search of a 
problem*. 

However, thera are two pointa of view whan 
designing and evaluating educational technology, which 
might serve aa fruitful alternativea to the technology 
lad mode of uaa. Both will be discussed in the 
paragraphs which follow. 



Within the scope of the first viewpoint we may ask 
ourselves what can be done with the microcomputer in 
education, which could not be done before the appearance 
of thia aort of educational technology. In this 
perapactive it ia relatively eaay to roccmnend when the 
computer ia going to be used. To put it in very general 
terma, we can aay that the use of the computer in 
education haa much to recommend itself, when implications 
areC73i 



1 • an I mpro ve m ent Of 
existing approaches 

2. the introduction of 
desirable new approaches 

3. tha delation of obsolete 
existing Approaches 



Implications No.1 and No. 2 are self-evident. As a 
matter of fact they have not emerged with the advent of 
educational technology. They have existed implicitly in 
education since its beginning. Implication No. 3 is one 
of the often overlooked consequences of the advent of 
educational technology. The point is that the possibility 
of some new type of activity may cause us to question a 
traditonal approach. 

The first point of this highlighting of 
implications of computer use is considerations on what 
students in general can. However* as mentioned 
above, there is another fruitful way of evaluating the 
computer use which completes the first mentioned criteria. 
This may appear when we focus our attention on more 
specific needs of the students. The starting point would 
then be considerations on what pupils and students 
cannot do. Hereby we are touching the problem of 
learning difficulties and special needs of the students. 

In the following scheme I have listed some of the 
potentials of the computer, when talking about 
learning difficulties and about what aome of the students 
cannot do iroroediately£83: 
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Studmmt 

• p e> c 1 * I n a> met m t 



Potantia/* of thm 
Inturocti v • lyittnif I 



1. 'Restricted* ability to 
dMl with Abstract ion at 
need for concrete experi- 
ence 



•ieulatione, eicroworlde and 
9 mi— can reduce the gap 
bitwwn the concrete and tho 
abe tract 



'Lack of' intellectual The interactive nature of the 

curioeity elcrocoaputer proaotee and 

re w ard a enquiry 



3. 'Lack tf ' ability to aake 
general i sat ion a and to 
learn 4 rum experiences 



Qraphice and high-lighting 
eesoc 1st ions can foster per* 
son si involvoont and active 
learning | etudenta can 
acquire and retain cone apt a 
on the background of an 
estensiva and a varied) 
collection of sweep lee 



4. 'Problem' with tranafer of Xncreaeed confidence and 
learning to new, contest e etudent -control encourage 

riek-tekingj esternelieing of 
tho etudenta 'ays tee of thought* 
through eodelling foster a trane- 
fori the ease goes for the use 
of ei croc oeput era ss s contest 
whore students can espreee 
and ahepe eoaples ideee 



2 think mi art) nan abla to conclude that tha 
microcoropuUr la a rich and ccroplax aid that la 
lncraaainaiy Mlthin financial maana of school a and 
univaraltlaa to acquira. Uka any aducatlonal aid, it 
inpllaa lnharant advantagea and diaadvantataa. And it 
la in no May tha final anaMar to all tha aducatlonal and 
padaaoaical ilia. 

Tha eoffputor 1* mora appropriate for aoroa uaoa than 
othara. Tharaforai Mhan eontanplatinf aducatlonal 
computing! tha difficult question la not of tha typo •ho* 
to...* » but rathar a quastion of *Mhather or not to... 4 . 

Tha proapocta aoati to ba moat praniaing in thoaa 
caaoa Mhara it la uaodi 1 . aa a voraatila tool for 
e.g. Mord procaaalng, colloetlon of laboratory date*, 
plottiot of trapha, er fitting of curvaa, and 2. in tha 
nod* cf uao which haa boon callod laarninf with tha 
ccniputar. 
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And in both cittt th« computer d«p«nda on the human 
qualities of the d«aign«r of th« coursware for ite ua*. 
A.B. EllisC9D was right in claiming that the proapecta 
eeem to be moat prcmieing in thoaa caaaa nhere thinking of 
computere' rola in education doea not mean thinking about 
computers - but thinking about education. 
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Changes in Science and Technology Education in Physics in the Danish Gymnasium 

CLAUS H. CHRISTENSEN 
FYSIK'dERERFORENlNGEN 
SATTERGARDEN 37, 2635 ISH0J 
DENMARK 



(Gymnasium is Danish for upper secondary school, age 16-19 years.) 

After 9 or 10 years in "folkeskolen" (primary and lower secondary school) 
the danish pupils may continue their theoretical education for 3 more years 
in the Danish Gymnasium. Since the mid 60-s the Danish Gymnasium has been a 
great success having a great number of applicants. Today about 30% of an age 
group attend the gymnasium whereas only 10% did so 20 years ago. 

The students choose 1 of 2 sides, the modern side or the science side. The 
modem side has a science content of about 10% (mathematics, geography, bi- 
ology), whereas the science side has about 40% on the science (advanced 
maths and physics), chemical and biological lines (mathematics, physics, 
chemistry, biology, geography) and about 30% (the same subjects) on the so- 
cial science and musical lines of the science side. 

For the last 20 years especially the science side has been successful. About 
2/3 of the students are here. The greatest change is that the girls now at- 
tend this side. The increase is from about 1000 girls in the sixties to a- 
bout 6000 in the eighties. There is now an even distribution between girls 
and boys on the science side. This is not the case on the modern side, where 
the girls dominate. 

The great increase in the number of students on the science side (from 4000 
to 15000 in 20 years) has not changed the number of students taking advanced 
maths and physics much. The increase is mostly due to the boys. As a matter 
of fact the percentage of girls taking maths and physics on a high level has 
constantly decreased from 65% in the mid 60-s to now 25% of all girls on the 



science side. 



Many changes in society and in the educational system have influenced the 
education in physics. Of special interest for the science education in the 
gymnasium is 

- education in physics/chemistry starts in 7'th year of school, when the 
pupils are about 14 years old. Sex roles are difficult to change at that 
age and much research have shown, that this problem is especially related 
to education in physics 

- most , folkeskole"teachers come from the modem side in the gymnasium which 
gives them no educational background in physics and chemistry 

- very few 'tolkeskole" teachers have taken physics and chemistry as their 
special subjects and among these few women 

- the students consider physics and chemistry as difficult, uninteresting 
and male subjects - why? 

- students attending the gymnasium have very different experiences with phy- 
sics 

These comnents are not to be seen as an attack on 'folkeskole" teachers, but 
they are made to explain the problems we come across when beginning the 
education in the gymnasium. 

Another great change in the gymnasium is that students don't use their exams 
the same way as they did 20 years ago. At that time many students attended 
advanced studies at e.g. the universities. This is not the case today. 1/3 
attends courses of long duration, 1/3 attends medium duration studies and 
1/3 short duration studies. More boys than girls apply for advanced studies. 
More girls than boys apply for educations with restricted admission, and 
therefore more girls than boys are turned down. Girls apply for a limited 
number of professions and with high rate of unemployment. 

Beside these effects the society has seen an enormous change in the use of 
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technology the last 20 years. It should not be necessary to give examples. 
As well introduction of modem technology as discussion about its possibi- 
lities and risks must be an integrated part of the education in the gymnasi- 
um. No doubt these subjects will find their way to the physics teaching. 

These trends have been obvious for several years. The students on the sci- 
ence line (advanced maths and physics) make what is called specialities. 
These include about 40-50 lessons during 2'nd and 3'rd form of the gymnasi- 
um. In the 60-s these specialities were science-related (theory of relativi- 
ty, further topics within nuclear physics etc.) This has changed much. Now 
typical subjects are related to technology and society (microelectronics, e- 
nergyproblems, nuclear weapons etc.) Now the subjects must be exciting and 
of current interest rather than have the "smell" of fine science. 

Also the methods of teaching physics have changed. The trend has changed 
from an orientation towards the physical disciplin and standard textbooks to 
an orientation towards topics dealing with society, technology, music, pic- 
tures of the physical torld etc. This will also mean a change of the work in 
the laboratory . The choice of experimental methods and apparatus will be 
much more free and much more interesting and instructive for the students 
than the well known demonstrations of different physical laws. For some 
years * educational experiment along these lines has been carried out in 
physics/chemistry affecting 50% of the students on the social-science line 
of the science side with great succes. 

The great change in society due to the introduction of computers and infor- 
mationbased technology will have consequences for the education in science, 
and especially in physics. Experiments with this education have been carried 
out for several years. In physics Oanish teachers have worked with computers 
both as an aid in computation and also as an object itself. Many classes 
have worked with microelectronics. 

Starting this year all pupiXs in the 1 ' st form of the gymnasium wn. take a 
course of 30 lessons in the use of computers in modern society. The course 
includes three parts: programmes and machines, consequences for society and 
consequences for individuals. The education is not related to a single sub- 
ject, but 3 teachers (science, socialscience or arts, language) are respon- 



sible together. In 2. and 3, form of the gymnasium the course is to be fol- 
lowed up in different subjects. Physics is included of course. 

For these reasons, and a number of others, a further change in physics edu- 
cation is now necessary. FYSIKURERFORENINGEN, physics teachers organizati- 
on, has in coorporation with the physics inspectors from the Ministry of E- 
ducation made a proposal for a new curriculum. This proposal has been dis- 
cussed among physics teachers and other people concerned with physics during 
this winter and is now In It's final form handed over to the Ministry, It is 
our hope that the new curriculum can be tried out in many schools starting 
this autumn. 



Many different aspects are included in a work with a new curriculum. 



tradition 
science computers 



political realities society 

textbooks new technology 

every day technology 

fads 



pupils voices natural phenomenas 

girls and knowledge 
physics and astonish- 
ment 



Physics is taught on 2 levels in the gymnasium. An A-level with 3-3-5 les- 
sons a week for students on the science line (advanced math and physics) and 
a B-level with 3-2-2 lessons a week on the other lines in the science side. 
The curriculum in the I'st.ef the gymnasium is conmen and includes mechanics 
(1-dimenslon), theory of heat, gasses and stationary currents. On both le- 
vels the subjects in 2'nd and 3»rd form of the gymnasium are mechanics (2-3 



dimensional), electrical and magnetic fields, atomic and nuclear physics and 
wavemechanics. 



The new curriculum will not change these topics much, but the form and goals 
for the education should change much. 

The goals are for A-level (in short): 

- a coherent understanding of central parts of classical and modem physics 

- arranging and carrying out physical measurements 

- mastering written exercises within a limited curriculum 

- understanding the use of physics in technology and in other subjects 

for B-level (in short): 

- impact on the use of physics and physical methods 

- a coherent understanding of selected topics within classical and modern 
physics 

- carrying out measurements and calculations 

- understanding the use of physics in technology and in other subjects 

The organization of the teaching should be changed in accordance with the 
experiences from the educational experiments mentioned earlier. 

- changing the starting point of the education from curriculum and textbooks 
to themes, which include prescibed topics. On B-level about 50% of the 
time should be spent on such themes 

- a change from science to technology and it's use in society 

- excursions, articles from newspapers and periodials etc. are reconroended 
as a natural part of an education in physics 

- adjustment of the written examinations as a consequence of the changes of 
the curriculum 

§3 



- a change in the reporting from experiments in accordance with the inten- 
tions of more project-related teaching 



Main changes in the curriculum are 

- only common curriculum in the 1'st form for the individual school. Recom- 
mendation of 2 main subjects: energy and stationary currents with digital 
rounding and technical applications 

- Mechanics is moved from rst to 3 ! rd form of the gymnasium , where the ma- 
thematical apparatuses at hand 

- Wavemechanics is removed from both levels. A number of small but difficult 
topics: rigid bodies, alternating current, theory of relativity is removed 
from the A-level. At B-level the electromagnetic field theory should be 
treated phenomenologically 

- on both levels the introduction of a new topic: "the physical world pic- 
ture" of 10 to 20 lessons and "information-technology" of 10-20 lessons on 
A-level 

We hope that these changes will solve many of the actual problems. 




THEORY OF MATHEMATICS EDUCATION: 
RECENT DEVELOPMENTS AND MAJOR PROBLEMS 



Bent Christiansen 

Department of Mathematics 

Royal Danish School of Educational Studies 

Emdrupvej 115 B, DK2400 Copenhagen NV, Denmark 

1. Background and purposes 

I appreciate greatly having this opportunity for presenting - at the 
Nordic Conference on Science and Technology Education - some remarks 
about the extensive development of theory about mathematics education 
which has taken place during the last three decades. As my title indi- 
cates, and as the programme of the conference implies, I can only deal 
with a few selected aspects of recent developments within this domain 
and point to some major problems with which the didacticians are faced 
in these years. However, I hope and believe that the ongoing develop- 
ment concerning theory of mathematics education on a longer view will 
serve to further co-ordination and co-operation between teachers of 
mathematics and teachers of science and technology. 

This written account of my presentation must be about as brief as * 
the oral formulation, since a more complete and detailed contribution - 
and most certainly any analysis of the aspects to which I am pointing - 
would fall without the framework of the Conference Proceedings. How- 
ever, I shall provide references which will give access to the interna- 
tional debate of my theme, and let me in that connection emphasize that 
my remarks on the development of theory of mathematics education are 
given in an international perspective. My background for doing this is 
my own involvement in the international debate both as a participant and 
as a member of a large number of planning committees for meetings on di- 
dactical themes (thus the three latest world congresses on mathematics 
education) and as member of the Executive Committee of ICMI (the Inter- 




national Commission on Mathematical Instruction) since 1974. 

Let me in these introductory remarks include a description of the 
context in which a world-wide debate about mathematics teaching and 
learning has taken place since the late nineteen fifties. 

Mathematics has throughout the history of institutionalized educa- 
tion had a prominent place among the school subjects. Thus, the al- 
lotment of hours for the teaching of arithmetic and mathematics has 
traditionally been high and is even today - with the pressure from the 
increasing number of subjects for school teaching - only second to the 
number of hours allotted to the mother tongue. Some consequences of 
this must be mentioned: 

(1) many outstanding philosophers, mathematicians, and mathematics 
teachers have - in the course of time - been motivated to, and ob- 
liged to, reflect deeply upon the overall aims and intentions of 
mathematics teaching and upon the ways in which mathematics is 
created (and discovered?) by the mathematician and acquired (dis- 
covered/created/constructed) by the learner; 

(2) a very large part of the teacher population has - at all times - 
been actively engaged in the teaching of mathematics, and this has 
created a latent (but up to recent years seldomly exploited) poten- 
tial for thinking about the teaching/learning process; 

(3) the teaching of mathematics came to be considered as an important 
part of formal education and was traditionally ascribed value for 
the development of highly appreciated mental abilities (to work 
orderly and with precision, to systematize, to prove); 

(4) the teaching of mathematics came traditionally to be used as a 
"screening subject" par excellence which meant that the student's 
performance at tests and examinations became decisive for his fu- 
ture placement within the educational system. 

The features (1), (3) and (4) represent (in various textual forms) 
clearly a rich potential for reflections on didactical themes, e.g. for 
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critical investigation of the "classical" questions about goals, con- 
tents, methods, and evaluation; reflections which were formerly the pri- 
vilege of a few, personally motivated, mathematics teachers at the vari- 
ous educational levels, and the obligation of those involved in school 
administration or in the development of official decrees and descrip- 
tions concerning mathematics teaching. The feature (2) shows - as al- 
ready mentioned - a rich potential for involving a large part of the ac- 
tive teachers in such didactical reflections. 

The influences of the tendencies mentioned in (1)-(4) were part of 
the context in which the future of mathematics teaching was envisaged in 
the fifties. Wide ranging hopes and plans for educational innovation 
had been accumulating during the war and the succeeding years of econ- 
omic difficulties. Both factors were at work when the international re- 
form movement of mathematics teaching took its beginning in the late 
fifties. 

The "first wave" of the reform (up to about 1966-67) resulted in 
considerable changes in the mathematical content of school teaching. 
The reform aimed at its outset at obtaining better co-ordination between 
the teaching of mathematics in the upper secondary school and at the 
university. But it spread - among other things due to the accumulated 
need for changes and adjustments of the traditional school system with 
its emphasis on and support of the "drill-and-practice-pattern" - 
rapidly from the upper secondary level to the intermediate levels, and 
also - with unfortunate side effects - to the primary level. The use of 
"the language of sets" was seen as a major means for the learners' at- 
tainment of an improved mathematical understanding: a relational under- 
standing carried by an integral mental attitude towards mathematics. 
Accordingly, great priority was given in these years to the development 
of textbooks and teaching materials. However, it became widely recog- 
nized during the sixties and the early seventies that learning, in spite 
of the efforts to the contrary, remained predominantly instrumental. 

But other ideas and tendencies were (as mentioned above) at work 
integrated in or parallel with the development just mentioned. Thus, 
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it was increasingly advocated that not the teaching material, but the 
teacher, was the crucial factor in mediation of mathematics in school. 
And, at a later stage, a growing and related didactical interest was 
seen in the learners 1 working process during his interaction with the 
teacher. This development was due to several interrelated aspects 
linked to the strong socio-political movement away from an Slitarian 
educational system towards a school structure in which mathematics was 
taught to all pupils from the first year of school. This movement to- 
wards "mathematics for all" led to an increased demand for building upon 
the students 1 experiences from practical work. 

During the seventies, "mathematical activities" became a prominent 
topic in journals for teachers of mathematics. Reports were published 
on work in the classroom with tessellations, geoboards, dominoes, build- 
ing with cubes, etc. etc., and analyses were made of the mathematical 
scope of each such activity. Normally, the stated purpose was to pro- 
vide learners with opportunities for open, exploratory work - preferably 
in groups - on the materials and ideas in question. However, it was in- 
creasingly recognized that doing "mathematical" activities need not re- 
sult in learning of shared mathematics. 

And thus, the eighties have seen a recognization in the didactical 
debate of the teaching process as intentional on behalf of society and 
teacher and a growing interest in analyses of models under which the 
teacher may support and regulate the learner's activity in ways which 
promote that learning takes place ae intended. Clearly, analyses and 
investigations of such models must take into consideration the complex 
interplay between cognitive and social aspects of mathematics teaching 
and learning in the setting of the classroom; and theory about these 
models must build upon contributions from several basic sciences, which 
can ensure that the model is considered in at least mathematical t *pte- 
temological* cognitive % and social perspectives. 




2. Mathematics education as a process and as a discipline 



The individual's learning of mathematics in the context of school takes 
place in a process in the course of time. And this is the case both for 
his construction of personal knowledge and skills and for his develop- 
ment of knowledge which is shared with others within and beyond the 
classroom. These learning processes are initiated, motivated, sup- 
ported, guided, and controlled by the teacher. And here the teaching of 
mathematics may be conceived as a process of interaction between the 
teacher and the learners (individually or in groups), in which the 
teacher aims at the learners '" acquisition of knowledge, skills, know- 
how, and. attitudes in accordance with predesigned goals and intentions. 

Learning and teaching are both processes of change. Thus, con- 
cepts, skills, and attitudes (already acquired or in acquisition) are 
continually subjected to reconstruction, adjustment, and further devel- 
opment in connection with the learner's growth and due to his work with 
mathematics in school. And the teaching process is planned according to 
- and provides for - these changes 1n the learners. Thus, the teacher 
aims at adjusting his functions according to the flow of the learning 
process. 

School as an institution is a tool created by society with the pur- 
pose of providing access for the next generation to parts of the accumu- 
lated knowledge and know-how created by mankind and organized in do- 
mains, such as for instance the domain of mathematics. And school is 
also an instrument by which the socio-cultural norms are mediated to the 
learners in a process of socialization which is integrated in the teach- 
ing of the various school subjects. The teaching process 1n the class- 
room is, accordingly, guided and controlled by a number of social in- 
struments, which serve to establish frames for the work of the teacher. 

In the individual country, some of these social frames are based 
upon decisions made at governmental level or by educational authorities 
of different types. They may be called "external, societal frames for 
the teaching process", and they are often constituted by means of a set 
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of official descriptions (e.g. concerning goals* content, methods, and 
evaluation) which stipulate "the official duties" of the teacher of a 
given school subject at a given level. Other external frames of a so- 
cial nature arc for example: the textbooks (which often serve to per- 
petuate traditional conceptions and norms); collections of tasks belong- 
ing to official tests and examinations; systems of control, e.g. per- 
formed by inspectors or advisors; and the structure of school, e.g. ex- 
ploiting means such as division according to ability and branching aim- 
ing at the student's future education or occupation. 

However, the work of the teacher in school is guided and controlled 
also by internal frames. Thus, the teacher's knowledge of mathematics, 
and to a very high extent his conceptions of mathematics* teaching, and 
learning serve as determinants for his interpretation of the official 
guidance and for his exploitation of the given structure of school. And 
the same counts for his general attitudes, vieus, and principles (which 
are, as the above mentioned conceptions, of a more or less conscious na- 
ture). Such internal determinants are developed by the individual 
teacher during his private and professional life, conditioned by the so- 
cial* settings of his environment. 

The internal frames just mentioned are of a social nature. Their 
impact on the teacher is of. specific importance due to his fundamental 
roles in the teaching process. But the student and the parents are 
similarly conditioned by their socio-cul tural environments. These so- 
cial frames and norms are due to the prevailing conceptions within a so- 
ciety. They are formed in the course of time with roots back in the 
history of the society in question. They are in a sense decisive for 
what can be perceived and conceived, and what can be thought and done. 

Accordingly, these social factors determine to a degree: how 
teacher and learner interact; how the teacher is influenced by his col- 
leagues or by his superiors; how the teacher relates to parents in the 
society; and how parents - and the public at large - look upon school, 
learning, and mathematics. Important questions concerning the implemen- 
tation of educational planning are linked to the influence of such 
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"hidden" social frames, to which reference is often made by the terms 
"the hidden curriculum". 

The above considerations are more or less direct quotes from an in- 
vited paper on "New Trends in Mathematics Education from a World-Wide 
Viewpoint" which I presented at the 1983 ICHI-JSME Regional Conference 
in Tokyo (Christiansen, 1983). I deal in that paper in further detail 
with mathematics education as a process in the classroom (i.e. as a pro- 
0888 in the small) and in the manifold classrooms (i.e. as a process in 
ths largs). The framing factors to which I have just referred provide 
background for an identification of common patterns in the flow of the 
teaching process from classroom to classroom and for a tentative identi- 
fication of tendencies in the changes of these patterns over time. And 
my task at the Tokyo Conference was to provide answers to the questions 
mentioned in this quotation from the paper (ibid p. 103): 

"The problem field for our consideration is the way in which the 
patterns in the flow of the teaching process (in the small or in 
the large) are changing. What are the changes in direction and 
intensity of the ongoing process? And which are the forces behind, 
and within, such changes? And, furthermore, what are the possibil- 
ities in the implementation of educational planning?" 

At the present occasion, the above will serve to demonstrate the 
complexity of mathematics education as a process. Thus, the learner's 
construction of mathematical knowledge and know-how takes place under 
influence from factors which are clearly of cognitive nature (concerning 
the, psychological aspects of the individual's acquisition, storage, and 
application of knowledge), of epiatemological nature (concerning types 
and dimensions of knowledge), of social nature (as demonstrated), and of 
8ubject-8p8cifio nature (concerning the strong content- and object- 
orientation of human activity and learning). But my repeated emphasis 
on the four perspectives indicated here by my use of italics should not 
conceal that the mathematics teaching/learning process takes place under 
influence of a multitude of factors and that some of these in the indi- 
vidual case may be of specific and decisive importance for the quality 
of learning. 
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The rectangular -core of this diagram illustrates the traditional 
meting place for the minds of the teacher and his students: the math- 
ematical taeke set by the teacher* and it illustrates, furthermore, the 
relational character of these tasks. Thus, the individual task is in 
principle posed because th«r student's activity on the task is seen as a 
means to promote his learning of mathematics in accordance with the de- 
mands inherent in the official curriculum/content of school mathematics; 
and these demands are again dialectically related to mathematics as an 
objectified body of knowledge and know-how created and accumulated by 
mankind in the course of history. The interaction between teacher and 
learners - during their activity on the task in question - provides the 
teacher with opportunities for mediating mathematical meaning and learn- 
ing as intended. However, the dangerous catch in this is the widespread 
use of tasks (taken in textual forms from the textbook) as if the 
student's work on these tasks more or less automatically will result in 
learning as intended. 

If a relational learning of mathematics is to be promoted, it seems 
to be highly necessary that the setting of tasks takes place in a number 
of contexts which are different from that of the textbook (in which 
standard-tasks are exemplified and cues as to meaning and procedure are 
"streamlining" the student's activity). Thus, to exemplify: tasks may 
be set in close relationship to the immediate environment of the 
students; they may be posed in relation to specific ad hoc domains 
chosen by the teacher with specific purposes in mind; and they may be 
constituted within project-work which necessitates an interplay between 
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mathematics and other sciences or subjects. Such an approach would have 
to build on a conscious exploitation of the relationships between the 
tasks and the four other components mentioned in the rectangle of the 
diagram. This problem field is analysed and discussed in great detail 
in (Christiansen and Walther, 1985). 

It follows from the above that the rectangular core of the diagram 
in itself represents an acceptance of a degree of complexity of the 
teaching/learning process which goes far beyond the dangerous reduction* 
to the "triangle": Teacher-Task-studenta > within which the widely used 
textbook-bound teaching of mathematics takes place. But, in addition, 
the diagram indicates a selection of important perspectives which are 
influencing the teacher's interaction with the learners during their ac- 
tivity on the tasks in question. 

The development of mathematics education as a process in the class- 
room during the last three decades have been strongly condusive to a re- 
lated study of the full problem field of mathematics teaching and learn- 
ing in the complex context just indicated. This study - or this disci- 
pline - which is about mathematics teaching and learning, is known in 
Denmark as "Matematikkens didaktik", and it is named similarly in the 
other Scandinavian languages, and in German and French. The terms "the 
didactics of mathematics 14 have in Anglophone countries some unfortunate 
connotations. Hence, the study of the problem field of mathematics 
teaching and learning is often in these countries termed maih$mtiae 
education ae a discipline. I shall now look upon recent developments of 
that discipline, which may perhaps in the future come to be known also 
under the name "Theory of mathematics education". 

3. Theory of Mathematics Education (TME) 

The specific nature and character of the didactics of mathematics and 
the role and functions of this discipline were widely discussed already 
in the sixties. The debate was linked to - and strongly supported by - 
the accumulating. knowledge and experience from the international reform 
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movement of mathematics teaching, but it was also influenced by the 
strong socio-political endeavours to improve the educational systems in 
general. The interest in the status of the discipline was high. Thus, 
the term "the didactics of mathematics - an emerging science" was 
brought to the attention of the participants in the -Second International 
Congress on Mathematical Education, the Exeter-Congress, in 1972 by 
Madame Krygowska, Poland, who used it in a questioning mode when visit- 
ing a large number of the fourty working groups of the Congress to give 
her views on important aspects of the discipline (Howson (ed.), 1973, 
p. 48). 

This question about the discipline of mathematics education as a 
science was highlighted a few years later in an important series of pa- 
pers on character and role of the didactics of mathematics (Steiner 
(ed.), 1974) published in Untralblatt fUr Didaktik der Mathmatik. 
Both Freudenthal and Otte dealt here (in contributions entitled re- 
spectively •Sinn und Bedeutung der Didaktik der Mathematlk" and didak- 
tik der Mathematlk els Nissenschaft") with the relationships between 
theory and practice , but from very different positions. 

Freudenthal (ibid> pp. 122-24) stated that observation of the 
learning process is the source of knowledge about mathematical education 
"als Lehre und Forschung". He proposed that if the didactics of mathe- 
matics shall at all be established as a science, the discipline must be 
developed from observation, investigatipn, and analysis of the learning 
process. 

Otte (ibidt pp. 125-28) took the complexity of the field as his 
'starting point. It is a complexity of critical situations comprizing 
urgent problems of the teaching practice which call for the use of 
scientific procedures, but also for iomediate decisions. A complexity, 
which by its nature necessitates an interdisciplinary approach, and 
which can be handled only on the basis of theoretical knowledge and 
scientific processing of practical experience. Theory can develop means 
which can serve for orientation of practice. But since the complexity 
met in the practical situations goes beyond the scope of the theoretical 




abstractions aiming at their explanation, the practitioner must develop 
ability to estimate - and to cope constructively with - the differences 
an rslatl hips between the theoretical model and the real situ- 
ation. However, the central part of Otte's paper was concerned with the 
constitution of the didactics of mathematics, or rather of Its central 
object for study. He aimed at an identification which prepares for a 
unified conception of the social, psychological and mathematical aspects 
of mathematics teaching. I quote (from Christiansen, 1983) my own 
translation of Otte's 1974-characterizat1on of the didactics of mathe- 
matics as a scientific discipline: 

"Mathematics education 1s realized through a number of co-operative 
partners and co-ordinated functions. The relationships between 
these are motivated, established, and organized in the perspectives 
of the mathematical content. The system of these relationships 
constitutes the central, scientific pbject for the didactics of 
mathematics when the optimization of the system 1s taken as a 
built-in condition for Us establishment. Such relationships exist 
and are developed between teachers; between teachers and school ad- 
ministration: between teachers and scientists from the supporting 
disciplines (mathematics, pedagogy, psychology, etc.), and finally 
between these disciplines." 

These papers by Freudenthal and Otte are of specific Importance. 
They defined - in 1974 - new promising lines for the development of the 
didactics of mathematics into a scientific discipline, and both authors 
have 1n the succeeding years developed their ideas further 1n their own 
work snd 1n groups of colleagues with whom they co-operate. 

Thus, Freudenthal has 1n his "Didactical Phenomenology of Mathemat- 
ical Structures" (published 1983 as the first volume in the Reldel 
Mathematics Education Library) provided us with an extensive, detailed, 
and Illuminating description of his didactical phgnomnology , which in 
my opinion will Identify for many of us as teachers "the places where 
the learner might step into the learning process of mankind", to use the 
author's own words. -And Otte has utilized hit set of ideas about the 
systems-approach, about 1nterd1sc1p11narity, and about the relationships 
between theory and practice in a number of projects at Institut ftir 01- 
daktik der Mathematlk, Un1vers1t*t Bielefeld, and in the BACOMET project 



(see section 5), and he has furthermore (Otte, 1984) extended his ideas 
in a more general setting and on the background of the most recent de- 
velopments. 

The major questions - and the lines of development - which have 
been indicated above are in my opinion of dominant importance for the 
future development of mathemtice education. And this counts both, when 
this term refers tc the educational process in the school, and when it 
refers to the discipline. We have to live and produce in the complexity 
of human, social interaction. And we must learn how to teaeh in and 
with this complexity. In our continuing efforts to meet these purposes, 
we must learn from observing and analysing the learning process. We 
need, however, scientific theory to be able to handle the complexity in 
our studies and research and to cope with the complexity in decision 
making in the classroom. And theory is also needed as a background for 
orientation in our reading, in our understanding, in our constructive 
activity, whether we are teachers, teachers for teachers, or didac- 
ticians deeply engaged in research and development work. 



Let me insert here a few remarks about the important role played by 
Unesco (and especially by the Unesco Division of Science, Technical and 
Environmental Education) in the establishing of a network of contacts 
within the international community of mathematics educators, and - more 
specifically - in the planning and sponsoring of a long line of pro- 
fessional meetings on mathematical education during the decades con- 
sidered here. Two features, both linked to the ICMEs (the International 
Congresses on Mathematical Education), may suffice as illustration. 

The volumes I-III of the Unesco series "New Trends in Mathematics 
Teaching" were published by Unesco (1966, 1970, 1973) in various forms 
of close co-operation with ICMI (the International Commission on Math- 
ematical Instruction). This influential co-operation resulted in 1974 
in a request from Unesco that ICMI should take the full professional 
responsibility for Volume IV (1979) of the series. The editors of 




"New Trends IV" (the then Vice-presidents of ICMI) have described the 
ensuing planning and the systematics used 1n the introduction to the 
volume which appeared in English, French, Spanish, and Japanese versions 
(Christiansen and Stelner, 1979). Let me recapitulate some major as- 
pects here: 

The authors of the volume were brought Into a year-long co-oper- 
ation initiated by a "plenary 11 meeting with the editors and invited 
specialists. The working process Involved International advisory groups 
counting about 150 colleagues from some 40 countries and was influenced 
1n Its later stage by debates of the chapters 1n preliminary form at the 
Karlsrtihe-Congress {ICME in 1976. The outcome was a volume 1n which 
the totat field m' n ~. .. cs education 1s brought to the reader's at- 
tention. Thus, the the chapters define a matrix, subdividing 
•Jfee field a&Qording to letrela and according to selected major educa- 
tional themes, 

I venture to say - aftkofi^i I was GO-responsible for the planning 
and development of the volume - that the process by which "New Trends 
IV" was established was an Important event 1n the ongoing Identification 
of the Discipline of Mathematics Education (or 1n my terms: the Didac- 
tics of Mathematics). The volume in its totality depicts 1n a balanced 
way the state 1n the early seventies of the process of mathematics edu- 
cation - and the state of the background discipline. And 1t conveys to 
the active and constructive reader balanced estimates of trends in the 
development both of the field of education and of the didactics of 
mathematics. 

The growing consciousness about the problem field of mathematics 
teaching and learning in school (and to a lesser degree at universities) 
has been clearly demonstrated by the Increasing attendance (1n terms of 
the number of members and countries) at the world congresses on mathe- 
matics education. This 1s Illustrated by the following table which must 
be considered in the perspective of the site of the congresses. 
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Participants Countries 

ICME i Lyon 1969 655 42 

ICME 2 Exeter 1972 1.384 73 

ICME 3 Karlsruhe 1976 1.831 76 

ICME 4 Berkeley 1980 2.100 80 

ICME 5 Adelaide 1984 1.984 69 

ICME 6 Budapest 1988 



The ICMEs are organized under the responsibility of ICMI • and the 
co-operation between ICMI and Unesco have here been of specific import- 
ance for the identification of professional contributions from develop- 
ing countries. Moreover, educational divisions at Unesco have over the 
years provided valuable support for travel costs of mathematics educa- 
tors from these countries in connection with planning meetings and con- 
gress participation. The line of congresses has served as a very im- 
portant means for organization of the international debate of mathemat- 
ics education as a discipline and for utilization of the latent poten- 
tial for didactical debate mentioned In point (2) of section 1 above. 
And the same counts for a large number of related conferences convened 
in the periods between the congresses and often co-sponsored by ICMI and 
Unesco. The five Congress Proceedings, and the numerous reports from 
the special (often regional) conferences, have been one of the important 
driving forces behind a large number of national journals on mathematics 
teaching and learning. Several of these periodicals have obtained In- 
ternational recognition as highly specialized journals on the didactics 
of mathematics and serve as such to promote purposes which are well- 
known from the development of mathematics and the natural sciences: to 
identify quality within the discipline t to further critical debate of 
io8UQe % and to support the creation of new scientific knowledge. 

* * * 

I have already pointed to the special role of the Karlsruhe-Con- 
gress for the debate of the nature of the didactics of mathematics. Let 
me now report about some programme events at the Adelaide Congress 
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(August 1984) which in my opinion will be of marked influence on the fu- 
ture development of the discipline. 

A series of four sessions on "Theory of Mathematics Education (THE)' 1 
was organized at ICME 5 by Hans-Georg Steiner, I DM Bielefeld. The theme 
was treated through eight presentations with subsequent debates and 
these were continued in further depth and detail during a Post-Congress 
Conference on TME during the two days following immediately after the 
closing of the Congress. A report of the proceedings, including the 
presentations, has been published by I DM Bielefeld (Steiner et al., 
November 1984). In his introduction to this report, Steiner describes 
the overall intentions behind the organization of the meetings as fol- 
lows: 

"The main goala of these two initial TME activities at Adelaide were 
to exhibit and dioauoa the needs for 

- identification of baaic problem in the orientation, foundation, 
methodology, and organisation of mathematics education as a 
discipline; 

development of a eontprehanaive approach to mathematics education 
in its totality as an interactive system comprising research, 
development, and practice* i.e. for a ayatema view as a kind of 
self-applicable mta~pavadigm. 

- meta-reaearch related to mathematics education which on one hand 
should provide information and data about the situation, the 
problems, and needs of the discipline, respecting the consider- 
able national and regional differences, and on the other hand 
should contribute to the development of meta-knowledge and a 
self -reflective attitude as a basis for the establishment and 
realization of TME related developmental programs. 

Furthermore it was hoped that first agreements could be reached on 
future work and actions to follow the two Adelaide activities." 

Theory of Mathematics Education (TME) was in the structure of the 
congress seen as a Topic Area. The interest for this highly specialized 
theme was impressive. Thus, about a hundred members signed the list of 
attention (thereby indicating their wish to be kept informed about fol- 
low-up activities) and a core group of some seventy colleagues followed 
all sessions of the series and the Post-Congress Conference. At this 
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it was agreed that significant progress in the dealing with the tasks 
delineated in the above quotation about the main goals had to build upon 
a "basis of carefully planned and co-ordinated etudiee and specific con- 
ference* on the one hand and broad and open diecueeione at a variety of 
national and International meetings with many people concerned on the 
other hand" (quoting Steiner's formulation 1n the report). A committee 
was established for the planning and organization of the coming TME-ac- 
tivities. As a first result, an International conference on "Founda- 
tions and Methodology of the Discipline of Mathematics Education (Didac- 
tics of Mathematics)" 1s convened in Bielefeld in July this year. 

It was apparent at Adelaide that a tentative agreement is emerging 
in these years within a significant, international group of specialists 
who are active in research and teaching in the field of the didactics of 
mathematics. Let me on that recent background mention some important 
developments and the related problem areas (cf. the title of my paper). 

The emerging, open agreement recognizes: 

- the necessity of accepting the full complexity of mathematics edu- 
cation; and, correspondingly, that Improved ways and means must be 
Identified to cope with this complexity in theory and practice; 

- the need for a comprehensive, systems oriented, Interdisciplinary 
approach to mathematics education; and, correspondingly, that this 
integral body of theory must come to provide a generative support 
for development of explanatory systems and models dealing with spe- 
cific aspects of theory and practice; 

- the need for Increased knowledge about knowledge, developed in 
epistemological , social, cognitive, and mathematical perspectives, 
and related to the dimensions of personal, shared (social), and 
objectified knowledge; and, correspondingly, that ways must be de- 
veloped for using such tneta -knowledge in the process of mediation 
between didactical theory and classroom practice; 

- the necessity of becoming able to cope with the concept of comple- 
mentarity and to exploit activity theory as an organizing principle 
in mathematics education as a discipline and as a process; and, 
correspondingly, that means must be found to cope with the diffi- 
culties of bringing these concepts tg bear gn teacher education. 

The above serves to illustrate that the relationships between the- 
ory and practice constitute a major problem area for study and research. 
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4. The Theory/Practice Interface (TPI) 



A series of four sessions (co-ordinated with the TME-ser1es) was organ- 
ized by me at ICME 5 on the theme "Systematic Co-operation between The- 
ory and Practice in Mathematics Education". Eight colleagues (and among 
these the organizer) from six countries were' central 1y Involved in the 
planning as contributors, and the series aimed at a first Investigation 
of oaag studies in which didactical theory is brought to infract with 
practice. Also this series was followed by a core group* in this more 
specialized case consisting of about 35 colleagues, most of whom be- 
longed to the core group attending the TME-ser1es. A report of the pro- 
ceedings will be published later this year (Christiansen (ed.), 1985). 

The overall purpose of this series was to contribute to the explo- 
ration of frames, forms* and contents of systematic Interaction between 
didactical theory and classroom practice, or - stated in terms of the 
psroona Involved - between didaotioian and teacher, reoearoher and 
teacher or (related to further eduatlon projects) teacher educator and 
teacher* 

In my Introduction of the series, I emphasized that didactical the- 
ory - due to Its very nature - 1s concerned with the teaching/learning 
process in the classrooms, and that the flow of this process in conse- 
quence should - in varylnq degree * be conditioning and determining: (1) 
the initiation of research projects 1n mathematics education; (2) the - 
research proceoa; (3) the evaluation of the results; and (4) the appli- 
cation or implementation of these. But I also referred to the growing 
recognition of the specific difficulties 1n bringing theoretical 
knowledge to bear fruitfully on teachers' practice: 

"However, the relationships between theory and practice are of an 
Indirect and complementary nature., which makes meditation between 
these domains, impossible by straightforward, pragmatic means. 
Hence, there 1s an Increasing Interest In the Identification of 
links between theory and practice which can be utilized and ex- 
ploited through new and constructive forms of Interaction and co- 
operation between the practitioner and the researcher." 




Six case studies (1n the contexts of five different countries) were 
presented and discussed during the three first sessions. The high im- 
portance of Investigating the process of mediation of knowledge and 
know-how through Interaction at the personal levels involved (cf. the 
Illustration) were clearly recognized 1n the presentations and the de- 
bates. 



The concluding debate 1n a panel of all speakers became accordingly con- 
centrated on three major questions which had been treated more or less 
explicitly 1n the previous sessions: 

(I) What Is the role of didactical theory: . 

(1) for the researcher in his Interaction with the teacher? 

(2) for the teacher in his interaction with the students? 

(II) What are the potentials of such "Interactive" projects: 

(1) in teacher education (pre-, In-service, and further)? 

(2) in curriculum development? 

(III) What may be feasible means to promote international co-operation 
within the field given by the theme of the mini-conference taken 
in the broad sense? 

The group of eight colleagues mentioned has agreed to continue this 
co-operation, and an international meeting will be convened 1n 1986 aim- 
ing at a preliminary clarification of these and similar questions: What 
might be understood in the context of "Systematic co-operation between 
theory and practice" by the terms "theory", "practice", "systematic in- 
teraction" or "systematic co-operation"? Which are (based upon case 
studies) major types of, or models of, interaction between theory and 
practice, and how may this field of models be systematized? What might 
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be fruitful forms of international, co-operative efforts? The purpose 
is a first clarification of structures f or future investigation of such 
questions, and the conference also aims at ensuring relevant conditions 
for dealing with the Theory/Practice Interface (TPI) at ICME 6 in 
Budapest in 1988. 

5. 8AC0HET - An example of international co-operation 

Steiner's proposal (cf. the main goals of the THE activities quoted 
earlier) that the future development of Theory of Mathemttee Education 
(in the sense of the didactics of mathematics) necessitates mta-re- 
eeareh directed toward the discipline Itself and Its development (so- 
called nelf~referent research) became an important theme for debates at 
the TME-sessibns. Personally, I have had the benefit of a long-term co- 
operation within a group J colleagues who came to consider its own de- 
velopment of knowledge about knowledge as a prominent object for inves- 
tigation. Accordingly, the theme of my presentation at the TME-series 
was "The Theoretical Background of the Project 8AC0MET" (Christiansen, 
1984). 

8AC0MET (8asic Components of Mathematics Education for Teachers) 1s 
an 'international research project 1n which fifteen mathematics educators 
from seven European countries and the U.S.A. (in the project's first 
stage, 1979-84) were engaged in co-operative efforts to Identify compo- 
nents of the didactics of mathematics which - in the setting of teacher 
education - could be characterized as fundamntal , elementary* and 
exemplary. The project was established in 1979 on invitation from A.G. 
Howson, Southampton, M. Otte, Bielefeld, and me. The three of us had 
been co-operating in the development of "New Trends in Mathematics 
Teaching 1 *, Volume IV, and we hoped that the experiences from the fruit- 
ful long-term co-operation within the group of authors and editors of 
that volume could be exploited in the new project. 

In the early years of 8AC0MET high priority was given to an inves- 
tigation of the relationships between the evolving process and the in- 




tended products, and a protocol for self-education (for educating the 
group by the group) became then established. A major result of the pro- 
cess was to be a survey volume describing and analysing such basic com- 
ponents. The target audience should be the international group of 
teacher educators » but the organizing principle should be the situation 
and needs of the teacher-to-be , although not in a direct, empirical 
sense. On the contrary, theoretical investigations of what is practice 
had to be performed to ensure a deeper and more general value of the 
volume. Systematic attempts were made at using the major difficulties 
in the BACOMET working process as vehicles for constructive development, 
and this principle came to bear on the following problem areas: (1) to 
exploit the differences in knowledge and know-how within the group, and 
to proceed from the specificity of personal knowledge to shared knowl- 
edge; (2) to identify and develop knowledge which is appropriate for ac- 
tion; (3) to exploit principles and hypotheses which are simultaneously 
the objects for analysis and development; (4) to investigate the limita- 
tions and potentials of textual materials. 

Knowledge about knowledge became a dominant perspective in the 
working process and in the development of the chapters of the BACOMET 
volume (Christiansen, Howson, and Otte (eds.), 1985). Thus, it was felt 
to be important to distinguish between the two complementary categories 
of knowledge: specific information and overall awareness as well as be- 
tween different levels of knowledge. These distinctions are important 
for the teacher in his support of the student's construction of shared 
knowledge from personal knowledge and of the student's access to objec- 
tified knowledge* 

As it is seen from these indications, BACOMET was in its first 
stage deeply concerned with the relationships between theory and prac- 
tice. I exemplified this in my TME-presentation by means of the chapter 
on "Task and Activity" which was developed by Gerd Walther (Kiel) and me 
in co-operation with the full BACOMET group. The interested reader will 
see in (Christiansen, 1984) or - in further detail - in the BACOMET vol- 
ume how activity theory, is exploited as a teacher's tool for organiz- 
ation of the mathematics teaching-learning process in the classroom. 




The model of international co-operatijn which was developed and ex- 
ploited by BACOMET, and which is described in details in (Christiansen, 
1984), is now in use in the second stage of BACOMET. I hope and expect 
that it will be utilized also in sub-groups to be created "within" the 
two related topic areas: TME (Theory of Mathematics Education) and TPI 
(Theory/Practice Interface). It 1s a basic feature of the model that 
the relationships between personal, shared, and objectified knowledge 
within a group of peers are exploited as a rich dialectical potential 
for creating new knowledge of each kind. Therefore, the working model 
of BACOMET may become a useful means for Investigation of complex prob- 
lem fields (such as, for Instance, the didactics of the natural sciences) 
1n which contributions are needed from a number of different basic do- 
mains of knowledge and experience. 
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.UNESCO'S ACTIVITIES IN SCIENCE AND TECHNOLOGY EDUCATION 

•Mrs. Sheila M. Haggis 

. Chief, Science Education Section, 

Division of Science, Technical and 

Environmental Education, 

Uhesco, Place de Fontenoy, 75007 Paris (France) 

I am very hajfy to be present at what is, I understand, the first 
Conference convened in the Nordic Countries in recent years to 
exchange information on and discuss issues critical for the future 
development of science and technology education. This is also one of 
the first activities to be held in the framework of Unesco's Inter- 
national Network for Information in Science and Technology Education 
This network which was established as part of Unesco's current 
biennial programme includes institutions from over 100 Member States 
of Unesco as well aa a number of international and regional non- 
governmental associations. Its purpose is not only to promote 
exchange or information among participating institutions on the 
current issues of science and technology education but also to 
encourage those with similar concerns to work together. It is also 
hoped that each institution will make the work of Unesco, in science 
and technology education, including the various publications in this 
field better known in each country, the network publishes a quarterly 
Information Note and has also launched a publication 'Innovation in 
Science Education 1 which will appear once every two years. I hope that, 
by the end of the Conference it will have been possible to formulate 
plans for some future activities on a co-operative basis. 

I should like to say a brief word about Unesco's programme in 
science and technology education. What I shall say will, particularly, 
be from the standpoint of the Education Sector. My colleagues from 
the Science Sector and from the International Bureau of Education have 
already told you something of their work in science and technology 
education* 
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During this Conference I have noted with interest that there is 
a considerable c orrespon dence between the topics we have been 
discussing here and the activities which Unesco is currently 
undertaking. Our activities are broadly of two types which are 
complementary. The first are concerned with overall improvements in 
science and technology education, and the second are directed to the 
specific fields of the teaching of physics, chemistry, biology and 
mathematics, to integrated science and technology education, and to 
education in regard to nutrition and health. Each of these types of 
activities may be international in nature, covering countries in all 
parts of the world, or regional - covering countries in one of the 
major regions: Africa, Arab States, Asia, Europe and latin America. 
It also may be carried out in co-operation with one particular Member 
State or with a group of several countries. 

An example of a general activity on an international basis was 
the holding of an international congress on the subject of * Science 
and Technology Education and National Development 1 in 1981, attended 
by participants from over 80 countries from all parts of the world. 
The contribution which science and technology education can make to 
national development was examined by tha congress, and strategies 
were formulated for the improvement of science and technology education 
in relation to development. A report of the Congress was published, 
incorporating suggestions for future action addressed both to Member 
States and to Unesco. A book based on the proceedings of the 
Congress has recently been published by Unesco. An international 
survey on the amount of time devoted to the teaching of science at the 
various stages of teaching is also presently being conducted, to be 
followed by in-depth studies in a number of countries. 

In undertaking such international activities, Unesco works 
closely with international ncn-governnental organisations such as the 
Committee on tha Teaching of Science of the International Council of 
Scientific Unions and the International Council of Associations for 
Science Education (ICASE). 



At the regional level, an Asian meeting on 'Science for All' was 
held in Thailand during 1983. It was attended by participants front 
about 20 countries in Asia and addressed the issue that science is of 
value for everyone in all communities and societies. Ways were 
sought of providing everyone with scientific conpetenciea , knowledge 
and Willis appropri** <* to their immediate needs. This implies a much 
broader approach to science education than that of the formal 
education system; The meeting considered that more attention should 
be : <-'.ven to science education in non-formal education and to the use 
of the madia for dissemination of scientific knowledge to the 
general public. 

Other programmes have also been developed at the regional level, 
particularly to promote the exchange of ideas and information, these 
include regional newsletters, preparation and dissemination of 
doc u ments on science education, and provision of study grants and 
travelling fellowships to enable key science educators to visit other 
countries. In Latin America a project to exchange information about 
production of low-cost school science equipment has been launched. 

To encourage innovative approaches, experimental and pilot 
projects have been launched. In these projects, institutions in 4 or 
5 countries have participated - usually countries in the same 
geographical regions or with the same language. Projects are 
currently in operation on the following topics: the use of calculating 
machines and ocnputers in the teaching of science and mathematics; 
the teaching of science and technology in an interdisciplinary context - 
a project in which Denmark is a member,' the use of educational games 
for teaching science to children; the preparation of innovative prog- 
rammes for the training of science teachers by the media; and science 
and technology education and productive work. 

Unesco has also given considerable support to out-of -school science 
and technology education activities such as science clubs, fairs, camps, 
olympiads, journals etc. It works closely with the International 
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Co-ordinating Ccnmittee for the Presentation of Science and the 
Development of Out-of-School Scientific Activities (IOC) to promote 
such activities Internationally and regionally* 



The second type of activities to which I referred are those 
directed to the teaching of specific disciplines. Within the 
teaching of physics, chemistry, biology and atathenatics, Unesco's 
activities have been principally concerned with exchange of ideas and 
information about recent developments in each ruspc; tive field, 
these activities have included preparation of publications - in 
particular the series 'New Trends in the Teaching of the Basic 
Sciences' . They have also included the holding of meetings on 
specific topics. These activities have been carried out in close 
liaison with relevant International non-govenmental ar^nizations. 
In chemistry, fox exanple, unesco works with the Ccnmittee on the 
Teaching of Chemistry of the International Union of Pure and Applied 
Chemistry. Every two years, this organization holds an international 
Conference on chemistry education and Unesco provides professional and 
financial support for the holding of these meetings. 

Resource materials for teachers and for the up-dating of 
curricula have also been prepared, including source-books and hand- 
books of various kinds. A publication 'Studies in Mathematics 
Education 1 issued at regular Intervals provides up-to-date information 
on world-wide trends in this field. National groups such as science 
teaching centres and science teachers associations have also been 
provided with professional and financial resources for developing 
their own science curricula and producing teaching materials. 

The programs in Integrated science ed u ca t ion was launched sore 
15 years ago in response to the need expressed by imny Member States 
to receive Unesco' s assistance in designing curricula related to the 
interests and envlrcnnent of young children. Unesco 'a prograirme did 
not attempt to identify one approach to integrated science education 




as 'the best 1 but sought rather to elaborate various approaches 
and curriculum 'models' . It also scught to encourage the 
establishment of working groups in Member States to develop, and 
subsequently implement, the model or models most appropriate to 
each country's own particular needs. The programme lias produced 
a series of publications, it has supported the holding of three 
major international conferences and many smaller meetings and work- 
shops. It has also provided technical assistance and services of 
various kinds for the development of integrated science curricula 
in many countries. 

the activities to which I have so far referred are all funded 
under Unesco's own programme funds - known as the 'Regular Progragre 1 . 
Unesco also plans and administers projects using funds from other 
sources such as the United Nations Development Programme. Such 
projects, in science and technology education, are often 
institutional in nature. Tbsy include, for example, the 
establishment of school science equipment centres, science curriculum 
centres and science teacher training institutions. 
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OBSERVATIONS AND REFLECTIONS ON EVERY -DAY CHEMICAL PHENOMENA 
IN INTRODUCTORY CHEMISTY. FORMATION AND USE OF A COMMON 
MINIMAL BASE 

Poul Erik Hansen, Institute of Life Sciences an Chemistry, 

Roskilde University 

P.O.Box 260, 4000 Roskilde, Denmark. 

Introduction 

The project to be discussed is an introductory course 
in chemistry for the gymnasium \ high school ■ upper secon- 
dary level. The course is expected to cover two weakly 
lessons from the schoolstart in the beginning of August 
to the middle of November ( % 20 lessons). 

The course starts at a zero level and it is attempted 

to take advantage of the narcissistic trends and concrete 

thinking, described in the contribution by Jens Josephsen. 

Aim 

The primary goal is to introduce chemistry as a powerful 
tool to understand every-day experiences and hence to 
show that chemistry is relevant and a fundamental part 
of general education. 

The course also aims at encouraging the students to investi- 
gate every-day chemical phenomena, to sharpen their obser- 
vations and to increase the understanding of the relationships 
between chemical structure, physical properties and appea- 
rence. 

Background 

The different cultural backgrounds encountered in a "gymna- 
sie" class just starting create a problem when selecting 
appropriate examples. The idea in this introductory course 
is to use what is called a "minimal knowledge basis 11 based 
on every-day experience. 



Another reason for doing so is the general dwindling real 
world experience among students ,as more and more of their 
time is spent watching television, playing electronic 
games, manipulating computers, listening to walkmen and 
spending time in discos. 

Common basis 

Consequently this allows only very few common chemical 
compounds. These comprise in our caset ■ Water, sodium 
chloride, potassium nitrate, ammonia, sugar, lime, acetic 
acid, nitrogen, oxygen and carbon dioxide. These compounds 
are referred to again and again and act as references. 
All other examples chosen have a strong connection to 
the private sphere: Coffee, tea, liquorice, mineral water, 
milk, butter, oil, petrol, soap, grease, alkohol, soft 
drinks etc. 

Content 

The choice of compounds makes "home studies" attractive. 
What is the pH of coke?, What is the content of disinfec- 
tants? etc. 

A wide variety of techniques and principles can also be 
demonstrated by means of these simple, and well known compounds 
and methods. Extraction and filtration are related to 
coffee- and tea-making* solubility is related to dissolution 
of sugar in coffee, freezedrying to drying clothes below 
zero etc. By using these well known things the aim is * 
transfer of latent knowledge into explicit chemical knowledge 
and to give the students self confidence by showing that 
what they "know" is relevant. 

A further aim is to make the students familiar with ©very-day 
chemicals so that these are not considered only as objects 
to be bought, consumed and discarded. By understanding 
the chemical background, the resigned feeling of living 
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in an alien world hopefully disappears. This familiarity 
may also lead to a confidence so that the student finds 
it natural to probe into every-day phenomena. 

Practical exercises and demonstrations clearly have a 
very dominant role in this introductory course. To encourage 
observations using both the olfactory sense and the vision 
examples with pleasant smells and bright colours are included. 
Such compounds are included also to increase the hitherto 
small array of compounds. Examples are food colours and 
artificial flavours. These leads into food and food technology, 
food additives and food quality control. Subjects such 
as food preservation make an opening towards biology and 
biochemistry possible. 

The repeated use of a small number of well known and simple 
compounds from the students own world makes it possible 
to "label" chemical principles and hence to draw parallel 
and inductive conclusions. 



ionic 


t .0. 


sodium chloride 


hydrophilic 


t.o. 


water 


solubility 


t.o. 


sugar 


high melting pont 


t.o. 


sodium chloride 


acid 


t.o. 


acetic acid 


base 


t.o. 


calcium hydroxide 


inert 


t.o. 


nitrogen 



t.o. * think of 



The understanding of the basic chemical principles for 
every-day chemical compounds and principles leads naturally 
into a discussion of technological methods and consequences. 

To place the essential compounds in a broader context 
interdisciplinary essays are included. Geographical occurrence, 
form found in nature, industrial production, quantity, 
way of extraction or production, economic and ecologic 
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importance, every-day use, and biological implications 
are treated. 

The project described is a joint project with Jens Josephs 
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THERMOPHYSICS AT LOWER SECONDARY SCHOOL 
AN EMPIRICAL INQUIRY OF PUPILS* CONCEPTIONS 
OF FUNDAMENTAL CONCEPTS IN THERMOPHYSICS 



Hilda Harnas 
Department of Physics 
University of Oslo 



The project is being undertaken for partial completion 
of a Master of Science degree at the Department of 
Physics . 

Supervisor: Svein Sjflberg, 

Centre for Science Education, 
University of Oslo. 



Introduction 



The purpose of this project is to document different 
kinds of ideas that lower secondary school pupils have 
about fundamental concepts of thermophysics . It is 
hoped that the project will give insight into the ways 
in which pupils conceptualise various phenomena and that 
this information can be useful in teaching physics. 



Pupils are not .empty buckets teachers can fill with 
knowledge. They come to the classroom with preconceived 
ideas based on their past experiences and conceptions of 
the world. Teachers have to take this "initial state" 
into consideration when presenting new information to 
reach a desired teaching aim. They must also be aware of 
the way pupils are thinking when they are constructing 
their own knowledge. 



Such a constructive view on learning influences the 
methodology used in the project. 
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Methods 



Both quantitatiave and qualitative methods will be used. 
Quantitative data analysis: 



The Second International . Science 
Study (SISS) - a survey of three 
pupil populations. The items chosen 
are of multiple choice format. Only 
items concerning thermophysics asked 
to ninth graders will be examined to 
determine pupils initial state of 
understanding. 



Interviews will be conducted with 
pupils at the lower secondary level. 
They will be"discussions" related to 
an experiment. The experiments used 
in the interview situation will deal 
with phenomena of thermophysics , 
for example how a thermometer works. 



The thesis is scheduled for completion in autumn, 1985. 



Qualitative data analysis: 




BIOTECHNOLOGY TEACHING IN GRADES 8 TO 10. 
DIDACTIC CONSIDERATIONS 



O.E.Heie. 

Institute of Biology 

The Royal Danish School of Educational Studies 
Emdrupvej 101, DK-2400 Copenhagen NV, Denmark. 

Introduction 

Flemming Libner, the National Innovative Centre for General Education, 
Grades 8 to 10, Copenhagen, and 1 have since 1983 been working on 
materials intended to be used in connection with teaching modern 
biotechnology in 8th to 10th grade. The material, which includes 
teacher's guide, illustrating material and proposals for activities, will 
together with some of the results derived from testing in schools 
be more closely described by Libner in the following paper, while 
I here shall give the background for the choice of topic and some 
reflections on the ultimate aims of teaching the topic. 

The production of the material has been subdivided into three stages. 
The first stage consisted in preparation of a preliminary first edition 
of the material and its testing in 1983/84 in a few classes at the 
Innovative Centre by teachers without biological qualifications acquired 
during their professional training in the teachers 1 colleges. 

The second stage consisted in correction and change of the material 
on the basis of gained experience and testing in several schools in 
1984/85. This second and still preliminary edition of the material 
is exhibited here at the conference. 

The third stage will be the elaboration of a final edition, available 
to schools all over the country, adjusted in accordance with the eval- 
uation of the second edition. 

The social importance of biotechnology. 

Biotechnology is as old as the use of medicinal plants, fermentation, 
and improvement of domesticated animals. Modern biotechnology in- 
cludes sophisticated and direct ways to change the most intimate 




properties of living organisms and whole species: in-vitro-fertilization 
of eggs of mammals, screening of genes, genetic engineering, and 
cloning. 

The near future will increasingly bear the stamp of technical exploi- 
tation of biological research results, especially within genetics. It' 
is no longer an exciting field only to specialists, but a field of essen- 
tial importance to all citizens, as the consequences will affect the 
individual's everyday life and the whole society. 

It is important to expectant parents, to consumers of drugs and 
other industrial products, to people who shall make the political de- 
cisions with regard to guidelines in scientific research, trade policy, 
policy of health and medical care, environmental management, and 
- generally - long-term planning of human intervention into the con- 
ditions of life on our planet. The fundamental problem is the question 
how far mankind will dare to go. 

It is important to democracy that the individual citizen is qualified 
to estimate the consequences of actions influencing social changes 
and everyday life and to come to decisions as to such actions on 
the basis of information and responsibility. 

The demands on the individual citizen. 

This is difficult with regard to the changes caused by the new bio- 
technology because pupils and many teachers and other adults have 
little or no knowledge of recent conquests in the fields of genetics 
and medical science. Many of them are not even aware of the pro- 
bability that the consequences will be of personal concern to them- 
selves and the fact that biotechnology is going to change social life 
and standards. 

Those who are aware of it often believe that these matters are 
far too difficult to be understood by "plain people". 

Such attitudes easily result in passivity. The individual will abandon 
any effort to keep up with the times within this important field, 
and this is a menace to democracy. 

The individual may in case of her or his attention to the problems 
choose an attitude without shades, for or against science or the use 
of science, if insight in the problems is absent. This is also an 
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unsatisfactory situation. 

The choice of rttitude and action ought to be based upon ethical 
considerations, but that is not enough. 

New technique will bring both advantages and disadvantages, and 
a certain amount of knowledge of these is required if optimal decisions 
shall be taken. A cautious and restrictive attitude due to ignorance 
involves the risk of loss of advantages which may result in disadvan- 
tages outnumbering the feared ones. Blindness to the dangers connec- 
ted with some kind of technique, on the other hand, is alarming. 

The citizen muse have a certain insight to be able to evaluate the 
probability, the quantity, and the quality of the consequences and 
know how to gain further information as a prerequisite for evaluation 
in particular situations. Training in evaluation of own altitudes is 
needed. To generalize conclusions from superficial knowledge of com- 
plicated issues may be useless or even dangerous. 

Debates on surrogate mothers, production of bacteria or tissue cul- 
tures with human genes or genes for resistance against antibiotica, 
eugenics, and studies on the early stages of the human embryo cannot 
lead*' to a general refusal or a general acceptance of techniques because 
the concrete situations are different from each other and because 
the conditions, the methods, the measures, and the importance of 
advantages and disadvantages are variable. One's attitude may for 
instance depend on personal involvement as a patient or a parent. 
The understanding of these issues as being complicated is important, 
so the subject ought to be taught in the upper school classes, in con- 
nection with biology as well as social studies. 

Some consequences of such techniques as genetic engineering and 
cloning are impossible to be understood by biologically ignorant persons. 
Postulated evolutionary risks cannot be evaluated, not even viewed 
as problems, by persons without biological training. 

The appropriate teaching 

It is necessary, for these reasons, that the children learn about bio- 
technology before they leave school, so that they get 

1) an insight in essential results of genetics and adjacent branches 
of life science, and their application. 
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2) an understanding of the complicated nature of the consequences 
through experience in viewing concrete cases from different sides. 

3) the conditions of ability to keep up to date after school, in 
acknowledgement of responsibility and the necessity of an independent, 
personal attitude based upon both knowledge and ethics. 

By means of the teacher's guide included in the mentioned material 
we hope to uncover the professional problems in such a way that 
the teachers will not - from the outset - give up to treat them. 
It has been difficult to decide how far we should go into purely 
biological issues. We have tried to give the necessary, but not more 
than sufficient contents. 

Teaching by means of the material is aimed at imparting to the 
children the realization that the subject is of interest and personal 
concern to them, the fundamental knowledge of the genetic code 
and various techniques, and some experience in judging statements 
dealing with advantages and disadvantages connected with such 
techniques. 
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Science education at the secondary level 
as a preparation for further studies 

B.C. Belt, 

Department of Chemistry, Royal Danish School of Educational 
Studies, Bmdrupvej 11SB, DK-2400 Copenhagen NV , Denmark 

It is not possible in fifteen minutes to cover all aspects of 
the question: Why and how do we teach science in school? I 
shall only deal with the question of science education at the 
secondary level as a preparation for further studies. By the 
"secondary level" is meant the "Gymnasium" (« Grammar School, 
age 16-19). 

Forty years ago about 2% of young people went through 
the science line of the Gymnasium. Major subjects were mathe- 
matics and physics, minor subjects chemistry and biology. I 
shall use the designations A-level (4-6 weekly lessons, writ- 
ten (physics only from 1966) and oral examinations) and B- 
level (2 weekly lessons, oral examination). The teaching of 
physics was characterized by the use of applied mathematics, 
but it also comprised a good deal of experimental work. In 
chemistry you memorized facts and did very little experimen- 
tal work. Biology was mostly descriptive. Chemistry and phy- 
sics were minor editions of the university courses, and you 
did not try to motivate the students. This was not necessary, 
as they were already motivated, because most of them wanted 
to go on to the technical university or other higher education. 

In the following years the great influx of students began, 
and to-day the Gymnasium receives more than 20% of all young 
people as science students. Only a minority will go on with 
further science education, so a problem arose: many students 
did not feel motivated and found the teaching of physics and 
chemistry uninteresting (for some curious reason mathematics 
seems to be accepted by everybody and its importance is never 
questioned) . A new Gymnasium with theoretical and practical 
lines would have been indicated, but for economical and poli- 



tical reasons such a reform was postponed, instead we tried 
to adapt the Gymnasium to the new conditions. A biology line 
was established with biology on A-level, physics and chemistry 
on B-level, and mathematics on a level in between. The con- 
tents of the courses were adjusted little by little, especial- 
ly in chemistry, where both contents and methods were changed. 
New textbooks attached more weight to general chemistry, while 
the knowledge of chemical compounds should be acquired mostly 
from experimental work, in 1971 it was recommended to spend 
about 50% of the time available on experiments. In order to 
motivate the students you should also emphasize the uses of 
chemistry, in industry and in daily life. Experimental work 
requires time, and with so few lessons it seemed impossible 
to fulfil these good intentions. Therefore it became more 
and more necessary to establish chemistry as a major subject 
on A-level. From 1972 the mathematics-chemistry line started 
at a number of schools as a trial. Mathematics is retained 
on A-level, but chemistry takes the place of physics. This 
chemistry line has been adjusted in different ways, and to- 
day it can be regarded as a permanent institution and can be 
established at every school without formalities. 

This means that to-day you can become a science student 
in three ways: 

A-level B-level 

mF-line math., phys. chem., biol . 

mN-line biology (math.) phys., chem. 

mK-line math., chem. phys., biol. 

From all lines you can go on to higher science educations, 
only in some cases you must supplement with courses in your 
B-level subjects. 

What happens now when the students have to make their 
choice between the three possibilities? if you want to go to 
the technical university you will choose the mF-line. If you 
have a special interest in chemistry the mK-line is an equal 
possibility. The mK-students have turned out to be just as 
successful as the mF-students. It is important to master ma- . 



thematics on the high level, and it is important to have had 
either physics Or chemistry on a high level, but it is less 
important which of them you have chosen* tn both cases you 
get a training in problem solving as a preparation for the 
written examination. (By problem solving t do not mean arith- 
metical calculations, but thinking and reasoning and shaping 
of mathematical models.) Perhaps chemistry has after all ad- 
vantages to physics. In physics there is a risk that you 
will work with standard problems and be trained in using the 
right mathematical formulas. At the examination you will ask 
yourself: which formula should t use here? - and if you are 
lucky you may succeed without understanding the problem fully. 
For the solution of problems in chemistry a deep understanding 
is often very essential, first of all a thorough knowledge 
about and understanding of the mole concept and its uses. 

The student who wants to become a doctor of medicine, a 
biologist, a pharmacist, etc. will perhaps choose the mN-line. 
It has turned out that those students are less well prepared 
for a higher education, because they have had no basic science 
subject on A-level. Miller Jflrgensen (ref . 1) has made an in* 
vestigation of the performance of students of medicine at uni- 
versity examinations in mathematics, physics and chemistry and 
shows that mF-students (mK-students were rare at that time) 
obtain much better results than mN-students. These have spent 
much time .in the biology laboratory and have acquired labora- 
tory skill (and no doubt this has been motivating and excit- 
ing) , but they have not got the deep understanding of the ba- 
sic sciences, which you acquire partly through problem solving. 
This understanding is so necessary in further studies (not only 
on the highest levels) , and you will find it difficult to ob- 
tain it at a later time. 

It has to be admitted that perhaps the average mN-student 
is not quite up to the standard of the mF- or mK-student, be- 
cause some students will choose the mN-line for negative rea- 
sons: they have difficulties with mathematics and physics and 
try to get away from these subjects instead of making a posi- 
tive choice towards biology. 




When students realized that the mF- (and mK-) line gave 
them the best possibilities more students would choose this 
line, also some students of lesser ability. So a demand arose 
that the teaching should pay regard to these students and be 
more varied, more entertaining and not require too much from 
the students. It should contain much experimental work, vi- 
sits to industries, optional subjects, etc. The textbooks 
should be more inviting: different colours, many illustrations 
to please the eye* All this sounds very well, of course, and 
variation in your teaching is a good and more or less neces- 
sary thing. But it must not lead to 'a waste of time for the 
already motivated students, those who are going to carry on 
with the sciences on a high level 3 They should use the limi- 
ted time in the most economic way to obtain a deep understand- 
ing of the subjects and a thorough training in problem solving. 

I believe i however , that it will be of great value also 
to students who are not going to become scientists themselves 
that the teaching at school is done in a serious way, even if 
this may make it a little more •dull*. It is at the Gymnasium 
that they should learn that every education requires hard work* 
In television they are watching a lot of entertaining and co- 
lourful popular science* It is all right if the school shows 
them something different* They should learn that a textbook 
can be very fine and valuable even if it appears to be dull. 
In the higher educations they will meet such textbooks. 

I am not saying, of course, that you should consciously 
make your teaching boring and dull* With the sciences this 
will hardly be possible* They are exciting in themselves! To 
solve a mathematical problem, an analytical problem in chem- 
istry or to carry out an experiment is exciting, variation 
in the teaching is always good, and the teacher can obtain 
that also by adding information about the history of science, 
practical applications in industry and in daily life, etc. 
But the main purpose is still that the students acquire a deep 
understanding and a thorough knowledge of the subject. It is 
very well that the students are trained in the chemical labo- 
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ratory and learn about the equipment, but laboratory work is 
time-consuming and must not be exaggerated. You can always 
be trained in laboratory practise later, but if you do not 
get a thorough training in problem solving as a young student 
it is very difficult or impossible to obtain it later. Experi- 
mental work can be combined with problem solving (quantitative 
experiments with calculations and reports) , but qualitative ex- 
periments where you just observe that something is happening 
must not take too much time. Ring, the author of the first mo- 
dern chemistry textbook for Danish schools, wrote in his pre- 
face: "Of course it is not the amount of experiments that counts. 
The main thing is that a desire for investigating and getting to 
the bottom of a problem is awakened in the students." (ref. 2). 

My conclusion is that in our eagerness to motivate the stu- 
dents (unfortunately sometimes nowadays understood as "enter- 
tain the students") we must not forget that the main purpose is 
that they arrive at a thorough understanding of the subject and 
its concepts, so that they will remember it and be able to use 
it afterwards. Science teaching in the Gymnasium should con- 
tain many elements , but one of the most important is problem 
solving , which forces the student to get to the bottom of things. 

It would be easier if the Gymnasium were still only a prepa- 
ration for university studies. Then we could go further and say 
with the Dansih chemist K.A. Jensen: "Teach them mathematics and 
languages at school, and let me teach them chemistry at the uni- 
versity." it is no longer so, at all school levels we must al- 
so give science education to the average student as a future mem- 
ber of society. Everybody will see to that when in the next few 
years we shall be planning a new Gymnasium. It is to be hoped 
that somebody will also remember the good students and their 
needs • 

References 1. M. Miller Jflrgensen, Faglige Meddelelser nr. 
2, 1977. 

2*. L.J. Ring: Kemi for Gymnasiet, 1929. 



INTERDISCIPLINARY ENVIRONMENTAL EDUCATION 



B. Ttjg Jena en, 

Department of Chemistry, Aarhua University, 
Langelandagade 140, DK-8000 Aarhua C, Denmark . 

Introduction - 

From Ruasia to Aarhus 

The UNESCO intergovernmental conference on environmental education, 
Tbliai 1977, recommenda to the member atatea: "To encourage the accep- 
tance of the fact that, besides subject-oriented environmental education, 
interdiaciplinary treatment of baaic problems of interrelationships be- 
tween people and their environment ia necessary for atudenta in all 
fielda, not only natural and technical aciencea but alao aocial aciencea 
and arta, because the relationships between nature, technology and soci- 
ety mark and determine the development of aociety". The Daniah Ministry 
of Education haa via a Ncrdic reference board for environmental teaching 
at university level tried to encourage Nordic universities to meet this 
challenge. In 1984 two Daniah broadly interdiaciplinary couraea were 
atarted as an experiment for two yeara, one at Aarhua Univeraity and one 
joint courae for institutions of higher education in Copenhagen, the 
experiences from Aarhua include the problems ariaing, when you intend to 
organize interdiaciplinary teaching at an inatitution with atrong tradi- 
tions for single disciplinary (faculty) teaching, administration, and 
government granta. 

Baaic conditions 

There are some essential basic conditions for establishment of an 
interdisciplinary course. 

First of all the teachers must be strongly motivated becauae the demands 
to professional challenge, cooperation, coordination, and resistance to 




conflicts art explicit. In Aarhus there were teachers with experiences 
in single-disciplinary environmental teaching, who wanted to supply their 
knowledge with other professionals. 

Secondly, the students must be interested in substituting a professional 
with an interdisciplinary course. A group of students had worked serious- 
ly with environmental teaching and research resulting in the foundation 
of a Human Ecology Center at the university. 

Thirdly, the labour market must be interested in the skills obtained at 
this course compared to normal graduate qualifications. Advertisement 
research showed that there was agreement between the plans for the course 
and the demands from the Danish environmental sector (public and private). 
At last the special financial support necessary to release the course com- 
mittee from economic negociations with the faculties and to understate 
the interest in the course. A University Fund is the owner of the factory 
Cheminova with a dubious reputation in environmental care. In 1984 the 
University Fund supported a two-year experiment with an interdisciplinary 
course. 

Description of the course 

The extent of the course is a half year full-time study within a one 
year period. Course applicants with at least a bachelor degree are quali- 
fied. The course is also offered as postgraduate education. The, number 
of participants are 24. 

The aim of the course is that the students shall learn to coordinate and 
become familiar with different professionals ability to identify, analyze, 
describe and propose or choose between alternative solutions to environ- 
mental problems. 

The teaching plan is divided in sections: Natural sciences (biology, geol- 
ogy, chemistry). Humanistic sciences (philosophy). Medicine. Social 
sciences (geography, economics, law). The interdisciplinarity is obtained 
by relating the teaching to cases: Eutrophy in two selected, freshwater 
systems. Extensive agriculture as origin to nitrogen contamination. In 
the last part of the course, the activities are concentrated on the stu- 
dents elaboration of projects. In casu: Air pollution and Danish agri- 
culture in the future. 
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Excursions and guest lecturers with practical experience are important 
elements in the course. 

Experiences and the future 

We are now at the end of the first course and all the problems that 
could be foreseen have appeared. Too many teachers with too high ambi- 
tions with their topics calling for additional professionals to present 
other research interests. Personal conflicts for the student being 
forced for the first time to explain his topic to nonprofessionals* In 
spite or perhaps because of a high conflict level, there is no doubt 
that the course has fulfilled its aim, even though it may be characterized 
as a multi-interdisciplinary course. We are now planning the curriculum 
for next year with more relaxed attitudes and matured to make a better 
integration of the subjects. We have also realized that there must be a 
course for postgraduates and one for masters degree students. If the 
course shall continue after the two-year period, the financial problem 
must be solved and the course administration must be brought in harmony 
with the university administration. 
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TEACHING BIOTECHNOLOGY 



K. Johnsen, 

Rungsted Statsskole, Stadion Alle* 1H, 
DK 296o Rungsted Kyst, Denmark. 

During the seventies and the eighties technology has played an 
increasing role as a teaching subject in the secondary schools 
of Denmark. The reason for this is obviously related to the 
pressure from the environmental and economical crisis of the 
Western World. The rapid increase in existing technology and 
the expansion of "new technologies" call for rapid changes in 
the fields of education. 

This paper will concentrate on the possibilities and problems 
of teaching technology in biology at the secondary school 
level. I want to emphasize that technology- teaching should be 
interdisciplinary, but that the structure of the Danish school 
system in general makes this impossible. 

After a short introduction of biology-teaching in Denmark, a 
theoretical frame for technology-teaching is presented and 
exemplified with experiences from biology-teaching. Finally 
some prospects for incorporating technology-teaching in the 
future are elaborated. 

Biology-teaching in the secondary school of Denmark, 

In Denmark biology is taught at two levels in the secondary 
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schools, the lower level having three weekly lessons in the 
final schoolyear (3rd gymnasleklasse ) . the higher level ten 
weekly lessons distributed over the last' two years of school 
(3 weekly lessons in the 2nd gymnasieklasse and 7 in the 3rd). 
At both levels the purpose of the education is to "improve the 
student's ability to formulate and solve biological problems" 
and to "comprehend biological methods and reasoning in a cri- 
tical and analytical manner" and furthermore to "use biologi- 
cal knowledge and methods on individual as well as social 
problems" . 

The curriculum is not described in every detail which gives 
the students and teacher a choice of subject within certain 
frames. This is the basis for making the lessons more thematic 
and coherent, using concrete examples of general phenomenas. 
In this view the technological advances in agriculture, fishe- 
ry, food-production, and waste-treatment obviously are impor- 
tant subjects of biology-teaching. During the last years the 
rapidly expanding biotechnologies in production as well as in 
reproduction play an increasing role in teaching. 

A theoretical frame. 

In order to plan a qualified instruction in technology it is 
necessary to 'aave a good frame of understanding. I find the 
model presented in figure 1 suitable for several reasons: 
i. t it places technological improvements in different sections 
of the production process ( i.e. objects of labour, means of 
labour, and labour power), ii . the model does not only focus 



SUPERSTRUCTURE ANO MODE OF PROOUCTION 

t 

-political and economic system 
PRODUCTS - legislation, administration and organization HUMAN SOCIETY 
-domestic and -employment 
foreign markets -qualifications 




Figure 1. A theoretical frame for technology understanding, See text for further explanation, 
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on the production process, but also on the surroundings ( i.e. 
the environment and the human society) , and iii. the model can 
be viewed in a dynamic way, the different parts changing in 
time and space. 

Changes in one part of the model give direct or indirect chan- 
ges in the other parts - sooner or later. Production can change 
the environment directly either by pollution or by depleting 
resources. When pollution reaches high levels, individuals re- 
act by forming movements or the established society reacts 
with restrictions. In this way the environment indirectly 
affects the applied production and technology. New objects of 
labour require new means and new qualifications of the labour 
power. One form of production can directly prevent another 
form by destroying the resources - thus forcing one of them to 
move in space. 

Some of the "new technologies" are inserted in the model. The 
computer-directed flexible manufactoring systems are new means 
of production, requiring quite new qualifications of the la- 
bour-power. The biotechnologies should in the present state of 
affairs be placed as new objects requiring new means of la- 
bour. Further elaboration of the biotechnologies will make 
cell-cultures new means of labour, necessitating the applica- 
tion of new objects. 

The purpose of secondary school is to teach the students not 
how to use technology, but to evaluate technology on the basis 
of a general knowledge of how the technology is used and how 
it affects the society and the environment. In addition they 
should obtain specific knowledge of technological methods and 
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principles in reference to further education and future em- 
ployments. 

For both purposes the model is relevant for systemizing this 
knowledge, although it is too abstract for most students in 
theoretical form. Practical work should therefore always be 
integrated in technology-teaching as a basis for theoretical 
discussions as exemplified in the next part. 

"Traditional" technology. 

The following example shows how the theoretical model can be 
•used in practice. My students wanted insight in food-proces- 
sing technology through a practical example of food-produc- 
tion. A serious accident at a factory in Copenhagen producing 
vegetable oils and soya-bean cakes was the motivation for 
working with margarine. 

The accident was caused by explosion of benzine. The first 
questions from the students were: Why is benzine used in the 
production of vegetable oils? Why are people discussing the 
fear of chlorine? Why all this talk of mercury? 
They decided to work out a flow-diagram for the production 
process - it was in fact possible just from the newspaper ar- 
ticles (figure 2). The students found it exciting to look into 
a quite new world, and they decided to make margarine from 
soya-beans step by step in order to get a better understanding 
of the processes in the factory. 

Besides getting an understanding of food-technology, the stu- 
dents along the way poses a number of questions that are ne- 
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Figure 2. flow diagram for production of vegetable oils and margarine. 
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cessary for the evaluation of technologies. 

The questions can be categorized according to the model (fig. 
1) starting on the right side of the figure. The first cate- 
gory of questions concerned the raw materials and their ori- 
gin. The questions gave rise to discussions of the protein- 
import from developing countries to a comprehension of the 
international market for nutrients as well as the historical 
background for the location of the factory , which lies at the 
harbour in the center of Copenhagen. 

The second category of questions concerned the production it- 
self, the means and processes. These were answered through 
practical work in the laboratory. The students who had almost 
no experience in laboratory work learned a lot about the pro- 
perties of lipids and proteins, about purification, distilla- 
tion, separation, and centrifugation processes, etc* 
They also learned how to handle various equipment, observance 
of safety rules to avoid hazards (handling strong acids and 
bases, mercury, chlorine and the distillation of benzine). 
This of course gave rise to the third category of questions: 
the work environment in the factory. In particular the pro- 
blems of organic solvents affecting the nervous system was 
discussed. 

The fourth category of questions concerning the outer environ- 
ment came up naturally as hydrogen was produced with a mercu- 
ry electrode and chlorine as a secondary product. The uneasi- 
ness of the local population became evident. Later on in the 
course this problem was further analyzed in a project concer- 
ning mercury in the environment. 



Finally the role of the products in the Danish society was 
discussed, particularly t ^e of the produced 

margarine and the role of fc <v . , in provoking allergii 
responses. (The students actually produced margarine from oil 
by adding hardened fats, water, milkpowder, colour, eraulsifi- 
er, and salt, but the lack of a usable flavour made it ex- 
tremely distasteful). 

Biotechnology. 

Biotechnology plays a major role in the new technologies al- 
though it has not yet developed to the same extend as compute 
technology. The terra "biotechnology" includes a number of 
technologies, originating from molecular biology, and usually 
defined as "the technical use of biological knowledge in pro- 
duction". In this broad definition the bread-making process 
with the use of yeast, alcoholfermentation , selection of do- 
mestic animals etc. are included. In the context of "new tech 
nologies" the driving force is comprehension of biological in 
formation , and only the ".deliberate use of* biological informa 
tions in production and reproduction" will be considered as 
"biotechnologies" in the following. 

Biological informations are stored in different macro-mole- 
cules, but until now attention has been focused on DNA, RNA 
and proteins - mainly because information of other molecules 
is' not accessible. 

The different techniques are developed more or less indepen- 
dently, but only combinations make rapid advances: protein 



production from microorganisms for specific purposes has long 
been known, but only when combined with the techniques of 
splitting, splicing, auu cloning DNA f-'om various sources did 
it become a revolutionary technical improvement. 

a. In industrial production. 

The use of biotechnology in industrial production is based on 
the fermentation technique - the alcohol fermentation being an 
old and well-known example (fermentation is the microbial pre 
duction of specific products by monoclonal cultivation under 
optimal conditions. The products are more or less effectively 
purified from the nutritional medium). 

Through a better understanding of mutagenesis and selection 
the fermentation technique has been improved by making the mi- 
croorganisms still more effective in producing the desired 
products. The increased application of enzymes and other fer- 
mentation products has also resulted in a rapidly growing mar- 
ket. The introduction of immobilized enzymes has made it in- 
creasingly economically to use enzyme-techniques instead of 
traditional chemical processes. 

Furthermore enzymes provides many advantages in terms of ener- 
gy-use, intermediate and waste-products being biologically 
convertible, creating less serious hazards etc. 
With the introduction of genetic engineering the number of 
different products made by fermentation techniques has increa 
aed considerably. The creation of artificial DNA is only limi 
ted by our understanding and imagination. As an example the 




^''elopraent-, of chfr^o irars^no globulins could revolutionize puri- 
fication processes. 

b. In agriculture. 

Selection of plants and animals wiw. jc ire*l characteristics 
is an ancient technique, but has until recently c^n a ;*ry 
slow process. The freezing of semen, eggs and embryos offered 
new prospects. Hormone-induced superovulation and in vitro 
fertilisation increased the speed and possibilities. The suc- 
cess of inserting specific genes in fertilized eggs can in- 
duce revolutionary changes in the procedure - thus it is not 
only characters originated by chance that can be selected, but 
also characters introduced from other organisms. 
In plants the efforts are concentrated on producing species 
that require lower amounts of fertilizers and pesticides. 
Transfer of genes between species opens up the possibility of 
making nitrogen-fixating cereals. 

The mentioned techniques brings forth several positive aspects 
including more economical use of organic production, reduced 
need of fertilizers and pesticides - resulting in more food 
to the world population and a. cleaner environment. But it may 
also lead to the depletion of the total genetic information 
in the world leaving fewer possibilities for future genera- 
tions. And one should not forget the side-effects of the so 
called "green revolution" introduced during the sixties in 
the developing countries. 
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c. In medical treatment 



Many medical products are made by fermentation, but until 
lately they have been limited to naturally occurring micro- 
bial products, although some chemical modifications are done. 
Introduction of genetic engineering removes this limit, and 
in principle all naturally occurring products can be made by 
microorganisms. It should be stressed though that the ques- 
tion of making species-foreign products is not so much a 
question of finding the right piece of DNA, but more of fin- 
ding the right conditions for the production. 
Within the last few years the making of "test-tube" babies 
has become routine work, and the techniques evolved in agri- 
cultural research on animals are applicable to humans - with 
all the moral and ethical implications. 

The rapidly growing understanding of human genetics and chro- 
mosomes in combination with immunological and enzymological - 
techniques has already given the prenatal diagnostics a push 
forward, which very soon may leave the woman in the street 
without any real influence in deciding whether her baby 
should be born or not. 

Chimaers probably are of little economic interest, but they 
have great scientific importance in studies of human genetics 
and development. Chimaers of humans and chimpanzees in test- 
tubes might facilitate the way to better understanding of 
communication between cells and genes. 

Gene therapy has been practised on two occasions, but was 
strongly critizised by experts. Not because of the ethical 




implications - but because the techniques have not yet been 
sufficiently developed. 



d. In the future. 

Many of the biotechnological inventions are still on the la- 
boratory scale, but the investments in research are so huge 
that the question of practical use is largely a question of 
time. A short glimpse on the stock market gives the assurance 
that biotechnology is doomed to success due alone to the size 
of investments. An example are the investments in research of 
the pharmaceutical concern NOVO with dimensions comparable to 
the entire budget of the Faculty of Sciences at the Universi- 
ty of Copenhagen. 

A short official note from the Common Market requests that 
the member-countries should make efforts to strenghten the 
biotechnological research in order not to lose ground to 
countries as the U.S.A. and Japan. The note predicts the cora- 
rning of a '•bio-society' 1 succeeding the "information-society". 
At least two new areas of great interest are in the making: 
energy-production and the "bio-computer". 

Conversion of solar energy to electrical power by plants and 
the splitting of water to hydrogen and oxygen are relatively 
well-known processes. The technical use of that knowledge 
could give several advantages: reduced problems with pollu- 
tion and resources and a lower demand of materials for in- 
stallations (utilisation of mono- and bilayer lipids and 
monomolecular cabels). 



The code of DNA is also well-known, although more knowledge 
tends to complicate matters. The information of proteins is 
intricate and rather poorly understood - possibilities seem to 
be inumerable. The "protein-chip" might not only be advanta- 
geous in size and energyspending , but in function as well, 
making even the smallest chip of the eighties look coarse and 
primitive. 

To the layman both examples are rather speculative, and ques- 
tions of reproduction-techniques are much more urgent. How 
far do we want the development of prenatal diagnosis to go? 
What are the Juridicial and ethical implications of the 
"test-tube" techniques? And so on. 

The Danish Home Secretary has made an effort to. describe 
these problems - unfortunately in a very insufficient report. 
In the society there is a tendency to a dual development: On 
one hand a continous introduction of new techniques in hospi- 
tals, on the other hand a movement for more humane treatment. 
The public discussion of what we really want has barely begun. 

e. In the secondary school. 

Most students of the secondary school are very interested in 
knowing more about biotechnology. They are confronted with 
its aspects in news-papers, books, films etc., but often they 
have a very undifferentiated view - either the very optimis- 
tic view of the technology as a solution to any problem, or 
the horror-view of books like "Brave new World". 
This is due partly to the lack of biochemical and genetic 



knowledge and partly to a very limited understanding of the 
technological development. 

Biology teachers of the secondary school in Denmark have ga- 
thered some experiences during the last years. Biotechnology 
concerns production as well as reproduction, each providing 
possibilities and approaches which should be part of the edu- 
cation. Not only because the two topics are interlinked, but 
also because girls usually a priori are more interested in 
the reproductive aspects! while boys are interested in the 
productive aspects. The motivation for "the other aspect" 
emerges through a better understanding of the problems. 
Understanding biotechnology is not just a question of lear- 
ning the underlying techniques and acquiring scientific know- 
ledge. It is also necessary to understand the role of the 
technology in the society, the moral and ethical questions 
and which consequences th^ application of this technology 
might have for the environment, the individual, the country 
and the world community. A high level of understanding is 
reached only through this very holistic point of view. 
Furthermore an experimental approach is suitable to ensure 
that discussions do not become too theoretical and hypotheti- 
cal which tends to draw away discussions from the real pro- 
blems to an irresponsible fantasy-world. 

f. A practical example. 

The following project is chosen to show how it is possible to 
work with practical biotechnological problems in the seconda- 
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ry school. The class had a great majority of boys, and the 
approach was genetic engineering in production. The purpose 
of the project was to enable the students to distinguish 
facts from fiction in informations from radio, television, 
news-papers and popular magazines. 

The students were asked to imagine themselves as a newly 
established research group on a factory producing enzymes for 
industrial use. They had a bacterial strain that - by chance - 
was found to produce a certain enzyme in large amounts. Hav- 
ing this strain meant that the enzyme could become commer- . 
oially feasible to the factory. 

The research group ( alias the class) was now asked to answer 
the following questions: 

- could commercial production of the enzyme be established? 

- which kind of purification processes would be suitable? 

- could the genetic information be characterized and inte- 
grated in a more convenient strain? 

- could the factory take out a patent for the genetic infor- 
mation and the production? 

(It must be noted that the strain was already well characte- 
rized by professionel bacteriologists and recommended for 
this project). ^ 

A convenient assay for the enzyme and procedures for gel-ma- 
king, proteinseparation, and DNA-extraction were found in the 
litterature before starting the practical work. 
Preliminary experiments were performed to train the students 
in the necessary biological methods (cultivating bacteria, 
practicing sterile technique, recognizing the phenotype of 



the strain, determining enzyme activity). 

The next step was to cultivate the strain in larger quantities 
for enzyme preparations. The students were organized in five 
teams f each workning with different procedures of extraction. 
The methods were compared and evaluated in ter.ms of yield and 
purity. The best method was used to prepare enzymes for fur- 
ther purification, which was done by precipitation. The pro- 
duct was now accepted by the class as sufficiently good for 
industrial use. The first two questions had been answered. 
The genetic information of the strain could not be transferred 
to other strains ^in vivo . but DNA-preparations could be made 
and analyzed by gel -electrophoresis. A characteristic band of 
small-molecular DMA showed up on the gels: a plasmid. A new 
strain was then prepared for in vitro transformation and 
mixed with the DNA-preparations. 

The result was overwhelming - hundreds of colonies with the 
expected phenotype. The ge nttic information (located on the 
plasmid) was established in the new strain, and the students 
were able to show that the plasmid had been assimilated by 
bacteria now having a' high enzyme production. Thus the gene- 
tic information for high enzyme production had to be located 
on the plasmid, which answered the third question. 
The fourth and last question was only discussed theoretically 
due to lack of time. 

Besides learning a lot about general ' biological phenomenas 
and methods (In genetics, biochemistry and biotechnology), 
the students had to learn - and practice - laboratory safety 
rules: personal safety, responsibility to other persons ente- 
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ring the laboratory, and wastehandling. Through the practical 
work they also learned to make critical evaluations of the 
information they got from different sources - and to argue 
intelligently about possibilities and problems of biotechno- 
logy in industrial production.. 

The reproductive aspects were not integrated in this project, 
but the class had previously studied sexology and human phy- 
siology and thus had a basis for spontaneous discussions of 
the relevant reproductive aspects. 

Conclusions . 

The two cases from technology-teaching in biology are both 
taken from low level biology-teaching - each case taking up 
one third of available biology lessons (both cases lasting 
about 12 weeks). In this view they are rather large projacts, 
but with aspects that I find essential to technology-educa- 
tion at the secondary school level. 

Both cases included large amounts of practical work. The 
questions posed by the students were consequences of this 
practical work and therefore realistic and relevant to the 
actual problems in the use of the discussed technologies. 
The cases also fulfil • the theoretical considerations pre- 
sented in fig. 1 - to view technology as part of the activi- 
ties in society - not only affecting production, but also the 
workers, the population, the environment, and the economy of 
the society. 

Knowledge of a particular production or a factory can also be 
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achieved by visiting an establishment. But it is my experience 
from short visits that these often tend to be too superficial 
for secondary school students, and that longer visits - 5 to 
10 days - are only accomplished with many obstacles. Only a 
few factories are interested enough to take the trouble, and 
the school system of Denmark is not adjusted to this kind of 
education. 

In many cases, I find it more convenient to make the actual 
production in the school laboratory on a small scale. It is 
easier for the students to survey the different parts of the 
production and the technology used, and it is possible to 
take a break for a while in order to solve theoretical pro- 
blems at the appropriate moment, not several days later, when 
some of the impressions have vanished. 

A combination of a "home-production" and a visit provides 
good knowledge and understanding of applied technology. Un- 
derstanding the i*ole of technology in the development of the 
society requires knowledge from other subjects than the 
sciences (economy, history and geography), whereas evaluating 
technology furthermore requires ecological, sociological, 
political and ethical considerations. 

Limitations in the school structures impede a total integra- 
tion of different subjects. In practise it is therefore 
necessary to work within a less idealistic frame as demon- 
strated in the cases above. 

These considerations concern both "traditional" technology 
and the "new technologies". But whereas the consequences of 
traditional technologies are well described, very little is 
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known about how "new technologies" will influence employment, 



At the present time, biotechnology is only developed in the 
richest countries of the world, but could it possibly be a 
technology for the developing countries in order to speed up 
economic growth? Or will it to the contrary deepen the cleft 
between rich and poor countries in the view of the existing 
world economic order? Can biotechnology be used to solve the 
problems of malnutrition, or will biotechnology-production 
replace the most polluting productions in the rich countries, 
while these are transferred to developing countries causing 
environmental problems there? 

These unanswered questions might seem speculative at this mo- 
ment, but it is the students of today that are going to make 
the decisions. 

Postscript, 

While writing this article, the first application for 
permission to start. &. commercial production of a human protein 
(insulin) from bacteria was submitted in Denmark* The bacteria 
are a result of genetic, engineering. It is. unknown when the 
permission, will be given* because the county council did not 
find itself competent to treat the application! 



pollution and the structure of world economics. 




FOCUS ON EVERY -DAY CHEMICAL EXPERIENCE IN THE SCHOOL 
Motivation of narcissists and concrete thinkers. 

Jens Josephsen, 

Institute of Life Sciences and Chemistry, Roskilde University 
P.O.Box 260, 4000 Roskilde, Denmark. 

Compared to the situation in other developed countries 
the general chemical education in the Danish school is not 
very impressing. With the present school intact, almost 80 % 
of the adult population of 2 000 a.c. will have almost no 
idea of chemistry in a world where chemical phenomena and 
their proper understanding become increasingly important. 

/ 

Three different aims and some boundary conditions 

The national curriculum for chemistry in the upper secondary 
school (the gymnasium) describes in general and in chemical 
terms, what should be taught in chemistry and stresses the 
importance of experiments and a quantitative treatment. 
The formulations give the impression that the aim is mainly 
to educate in chemistry , whereas the aim to educate through 
chemistry is not pointed out, and the aim to educate about 
chemistry is only rather weakly expressed. 
Furthermore, the students 1 yield (-their knowledge at 
the end of the course-) is by no means formulated in, 
for example, Bloomian cognitive or affective taxonomy. 
It is, therefore, nessecary to consider in detail what 
and how (and at which level) should be taught. This leaves 
a certain amount of freedom to the individual teacher, 
although the. non-official syllabus lies in tradition and 
in the textbooks available. 

Factors governing the motivation 

Some changes in the school system seem possible including 




more science teaching for a greater fraction of the future 
youth. Even in the present science line of the gymnasium it 
is nessecary to consider how to motivate the students for 
chemistry; so, in the the near future the question of 
motivation will become one of the most important points 
for chemical didactics. At least three fairly new factors 
should influence these didactic considerations: 

chemists, chemical industry and "synthetic" products such 
as plastics, fertilizers, medicines, solvents in paints, 
detergents, pesticides, food additives and so forth, 
was created during the late sixties and early seventies. 
It still persists, partly due to the mass media not 
being sufficiently aware of the differences between 
chemistry as subject of knowledge and the side effects of 
its technological uses. This sometimes hostile attitude is 
transferred in some "version" to the students by their 
parents, the mass media and advertisements. 

Our complicated world. is not easy to grasp, politically, 
economically,* socially and culturally. Rather profound 
changes did occur during the whole life of the present 
youth, so a tendency towards a narcissistic behavior is 
not difficult to understand. This inhibits the 16 years 
old students 1 curiosity about how nature works. I wonder 
how many students just feel chemistry or chemical fact 
"fun". 

There is a growing understanding that the exact subjects 
in school, such as physics and chemistry, demand formal 
thinking (in the Piaget sense) and that the typical 
16 years old student is primarily at a concrete opera- 
tional level and is only in the process towards a more 
formal operational stage. The increased number of students 
to be taught science - including chemistry - will stress 



the importance of this factor. 

I guess that not many science teachers would disagree if 
chemistry presented itself as funny , interesting , relevant 
and as a powerful tool for the critical formulation and 
solution of problems in every-day life. 
How, then should we meet the students at their level of 
knowledge and in their world of thinking and motivate 
them for chemistry? 

One approach is to look at chemistry being around us 
(cf . also the project described in the contribution by 
Poul Erik Hansen) 

In the household we meet SH£^.£5-£5H54§' such as sodium 
chloride, sucrose, monosodium glutaminate, ammonia, baking 
soda, potassium nitrate, acetic acid, butane, calcium 
carbonate, copper, carbondioxide etc. and we regularly 
use chemical products such as baking powder, oils and 
fats, food preservation and colouring agents, pain killers, 
plastic and metallic utensils, soaps, detergents and other 
cleaning agents, glues, paints, gas, petrol, fuel oils, 
fertilizers, pesticides, batteries etc., all of which 
has desired (and non-desired) properties depending heavily 
on their chemistry. 

The treatment of some of these compounds or products is 
suitable as examples in a deductively edited textbook, 
while others may be used for inductive approaches to cover 
important areas of chemistry. The theme "Gas, petrol and 
fuel oil 1 * is, for example, suitable to introduce organic 
chemistry, including hydrocarbons and basic nomenclature, 
whereas the treatment of analgetics can cover the intro- 
duction to the functional groups and their chemistry. 
We are actually preparing some material about "Over-the- 
counter Painkillers" along these lines including: The 
history of painkilling. Drugs and the isolation and identifi 
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cation of the active component. Molecular structure of 
salicylic acids and derivatives, and some of their chemical 
properties. Membranes, and the administration, uptake, 
and metabolism of acetylsalicylic acid (ASA). The mechanism 
of drug action and simple models for. the action of ASA. 
Receptors and the mechanism of pain and its natural relief. 
Industrial synthesis of ASA. Procedure for the preparation 
and control by society of drugs. The use of medicines 
in Denmark. 

From the syllabus point of view, the material includes 
aromatic systems, important functional groups, principles 
of identification, synthetic procedures, kinetics of hydro- 
lysis, acid-base and phase equilibria, coordination chemistry 
and formation constants, chemical "affinity" and stability 
etc. 

Although the consumption of lessons could easily amount 
to about 20, neither the "education in" or " through " aspects 
are disregarded, whereas the "education about" facet is 
more pronounced than is usually seen in Danish textbooks. 
It might seem to be a rather moderate aim, but still a 
tempting suggestion, that the first important point is 
that and not what the students learn. 

This project is done in collaboration with Poul Erik Hansen. 
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SEARCHING FOR PATTERNS OF KNOWLEDGE IN SCIENCE EOUCATION 



Aleksandra Kornhauser, 
Faculty of Science and Technology, 
Edvard Kardelj University, 
Ljubljana, Yugoslavia . 



The experiential growth of scientific and technical infatuation demands 
new approaches to its processing, iminly supported by the caiputer. 
in addition to numerous bibliographic data bases, factographic data 
bases are being developed, oriented towards selected fields of science 
and/or technology* Structuring information into systems enabling 
pattern recognition represents the next level, structured data bases 
support the building of expert systems for solving selected problems. 
Such systems also include simulations and hypothetical predictions, as 
well as their testing, A new methodology is being developed: searching 
of patterns of Knowledge, "knowledge engineering". It opens up 
insights into relationships between large sets of data and enables the 
recognition of backbones of knowledge. 

Our research supports the construction of bibliographic and factographic 
data bases, with structuring of data into systems, needed far solving 
educational and research problems, as well as f cr the transfer of 
knowledge to Industry. 



Faces of 3cience 



lhere are two main reasons for good science education and further 
lifelong education: 

- in the industrial, end even mere in the post-industrial era of 
man's development, every career, even every day-to-day activity, 
involves science and technology, su p p or ted increasingly by 

im thorn tics and informatics} 

- growing democratization processes involve an increasing part of the 
population in decision making. 




Science, this achievement of research, has irany faces, depending on the 
Individual approaching it. 



Par a researcher, science iteans the results of objective observation, 
supported by powerful methods and techniques, with an analytical treatment 
of the data collected and a search far interrelationships between them, 
follcvei by a synthesis of these data enabling explanation of processes 
and recognition of patterns, which thus lay the foundation far hypothetical 
predictions to be checked by further research. 

Bar the engineer and technician, scientific Information is the starting 
point for developmental efforts, giving a fundamental orientation and 
stimulating creativity in searching far the useful applications of 
scientific achievements. 

To a manager, science offers a basis for predicting several possible 
solutions of real problems which help him to understand the nature and 
implications of different possibilities needed in his efforts to optimize 
processes. 

Ihe quality of science and thus also of science education increases from 
the level of abjective observation supported fay efficient techniques, via 
organizing data and expressing interrelationships with diagrams, leading 
to the formulation of the interrelationships recognized in the farm of 
abstract mathematical equations. Ihese express relationships in the 
shortest, most accurate and logical way. 



altering the information era 

Ihe little silicon chip with its Increasing capacity belongs to the 
discoveries which are bringing fundamental changes to education also, 
in 1971 a thousand bits of information could be housed on a single 
chip, in 1978 sixty four thousand, while by 1990 a million-bit chip is 
expected. Fibre optics and satellite communication premise great contributions 
to the world system of conrnnication. 




These techniques are urgently needed since scientific and technical 
infarraticn is growing In most disciplines exponentially, in chemistry (1), 
for exanple, over four hundred thousand papers and a hundred thousand 
patents are published annually. Over six million compounds are registered 
In the Chemical Abstracts Service Registry and about three hundred 
thousand new compounds are added each year, i.e. about one thousand a 
day. The only solution is the construction and use of computer-supported 
data bases. 

Die construction of the first data bases supported by the computer started 
In the sixties, they were at first designed for local use and constructed 
In national languages. 

m the seventies it became clear that for computerized scientific 
and technical information too a critical mass Is needed to enable quality 
and efficiency In use: a critical quantity of data, finance, equipment 
and specialized staff. 

The results of this awareness were efforts to combine small data 
bases into larger, ones, which implied standardization of the input and modes 
of retrieval. The next step was logical: an interlinking of computerized data 
bases into networks and large information systems of an international character. 
In the eighties we can speak about the development of an information industry. 
We are entering the information era. *■ 

Over two thousand computerized data bases of an international 
character exist today. Chtnical Abstracts Search (CASEAICH)* data base 
houses information on over six million compounds and over five million papers. 
ASttOGLA offers about two million data on agricultural publi c atio n s, OCMFQCQC. 
one million on engineering. XNSPEC covers over t*> million electrical 
engineering publications, MESUSS has about five million data on publications 
in medicine and veterine. fte xoiltidisciplinary BI0S1S houses four million data 
on biology, medicine and veterine, TOQUNB two million on pharmacy and 
p^iarmacology. lhe strongest, International Patent Documentation INRADOC, offers 
information on over ten million patents from 49 countries plus tvc international 
patent organizations . A number of these and other data bases are parts of largb 
systems such as DIALOG, OAflC etc. 



From fragments to systems 



Computerized technology is opening up rapid access to scientific 
data, yet not only the layman, but often also the researcher, does not know 
what to do with large seta of data.Systont-thlnking is missing, i.e. an 
organized way of linking bits of information into networks, trees, modular 
systems, showing the interrelationships between large sets of data. 

How much systems-thinking is needed can best be illustrated by how 
poorly data bases are used. Even in the most developed circumstances, data 
banks report that only 5-10 per cent of the data stored has ever been asked 
for. This is the reason why seme call data bases "scientific cemeteries" . 
Another proof is the fact that the market is flooded with sophisticated 
hardware with relatively scarce, often also poor, software. 

Hie development of ocod software does not reouiie only ability aM 
patience, but also organized thinking, typical of good researchers, yet 
obviously a rare gift of nature. We have to learn how to structure data 
into systems, how to organize data Into knowledge. Students should not 
be tau^it the content, lhey should be encouraged to define real problems, 
to collect and analyze data, to search for carmen parts and variables, to 
daflne the hierarchical order of variables, to structure the hypothetical 
system and to try to validate it - in short: to use the method of 
structuring data and pattern recognition. 



towards expert systems 

ajpert system are considered to be the top of computerized scientific and 
technological information. They are complete programmes which support the 
Unking of large groups of facts leading to expert problem solving. 

Hfcaroples in this field are the expert systems for diagnostic purposes in 
maiicine, design off computer system configurations, search for minerals, 
natural gas and oii, design of chanical syntheses, detection of failures in 
•lectroiic devices, prediction in market movomnts, etc. 



The main characteristic feature of these systems is that they take into 
account a number of parameters and larger anoints of data than possible 
by hurtan trains. Although they cannot canpete with the logic of a 
researcher they are significantly better in comparative analysis of 
large sets of data and in oartoination of parameters, in scope and in 
particular in speed. 

It oouid be said that a kind of knowledge engineering is being developed, 
which is still in its initial stages, but will undoubtedly greatly 
influence the processes in research and education, as well as solving 
problems in production* and decision naklng. 

Secondary, but no less important, consequence of the process of development 
of expert systems is the fact that knowledge engineering catalyses the 
efforts in collecting, coding, exchange and application of human 
knowledge on a world wide scale. This means that knowled^ engineering 
leads to the development of larger systems of taicwladge, and along with 
this also supports the development of understanding and efficient target- 
oriented acquisition of knowledge. Instead of acquiring tiny pieces of 
information, misses of information will be introduced in science education 
in future. Obey will be organised into systems, which will an one hand 
show the already defined relations and hypothetically forecast new 
relationships on the other. Instead cf a disordered search for the new, 
it will be possible, by the use of these systems, to desirn research 
hypotheses and with a target oriented research to approach more quickly 
to the solutions. Intuition and chance will of course still have' their 
role in research. But it is also true that expert systems will aid in 
finding knowledge nuch more quickly than it was possible up till new, 
in particular knowledge which has already been discovered but which is 
hidden. Strategic and technological secrets will become less inaccessible. 
This will also give a totally new impetus to education. 
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EXPERT 
SYSTEMS 



- application of the methods 
of artificial intelligence 

- simulations , predictions 

- testing predictions 



STrUCIURH) 
DATA- BASES 



FACTOGFAPHIC DATA BASES 



- determination of parameters in 
large sets of data 

- defining the hierarchy of 
parameters 

- structuring data into nodular 
and tree structures 

- pattern recognition 

- design of strategies and 
> target oriented data search 



establishing the characteristic 
types of data 

classifying them into groups 
conuaritive data processing 
design of strategies for data 
v search 



BIBLIOGRAPHIC DATA BASES 



K 



transfer of bibliograohic data 
onto computer 
determination of key words 
input of abstracts 
search according to % types of 
1 data 



TRADITIONAL DATA SOUSCES 



books 
journals 
special series 
reports 
patents 

grey literature etc. 



Prom data sources to expert systems 
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The higher we go up this diagram, the narrower the field, since expert 
systems are as a rule designed for solving a specific type of problem, 
whereas structured data bases can be built on less narrow areas of a 
field and are only afterwards interlinked to larger systems. Factographic 
data bases also have their limitations, above all in the possibilities 
for input of and search for data. Bibliographic data bases, however, 
cover usually broad areas,. The traditional data sources - journals, 
bocks, special series, patents, grey literature - constitute the broadest 
basis of the whole system. 

The following phases are characteristic of expert system design: 
Phase Characteristics 

1. Definition of a problem recognition of characteristics -nf the 

problem 

2. Conceptualization search for laws and rules or at least far 

the relationships in knowledge necessary for 
the solution of a problem 

3. Formalization structuring data into systems 

4. Implementation formulation of rules for the knowledge 

concerned 

5. Testing checking of rules on problems captured 

in the expert system 



Development of methods of structuring data into systems 

The main reasons for lagging behind in use and design of data bases, 
as well as in the development of expert systems, lie in education. 
Traditional schooling is too often oriented towards memorizing data 
(lower level), or to developrent of reasoning based on a relatively 
small aroint of data (higher level) . Deductions of rules and laws 
based cn large sets of data are still unknown in our education. Without 
such an approach we of course do not educate for the use and design of 
computerized data bases. Therefore no wonder that what "little Johnny 
has not learnt, John does not know and also does not do". 
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let me give an example far structuring data into systems at secondary 
level: lipids . Ttaditianal study of lipids at secondary level includes 
the description of fats and waxes, phospholipids and glycolipids. In 
dealing with this s\i)ject natter, emphasis is placed rrainly cn their 
corpcnent parts - on alcohol* and acids in the former, whereas the mare 
complicated components of the latter are only briefly imeticned, if at 
all* Doe to the ccmp laxity of these compounds students learn only simple 
farnulae, and the more complicated are usually not considered. 
Qcnsequently it is very difficult to deduce rules cn the basis of 
such a limited amount of data, and knowledge remains mainly cn the 
lowest level - memorizing. 

In structuring chemical data: 

* students use textbooks and find the fanrulae for different lipids: 
fats and waxes, phospholipids, glycolipiis. Ihey construct a file 
with the formulae of lipids and eventually other* data cn each ocmpound; 

* this is followed by the secret, for caiman part(s) in the fccmulae 
of these lipids* They will find glycerol, mcnohyi roxy-a lcohols and 
sphlngosine, as wall as a number of carbccyclic acids bound in the 
lipids; they will also find phosphoric add; amlno-alcohols and 
carbohydrate*) 

* this could be followed by a discussion of what the criterion of 
higher hierarchical order is, e.g. alcohol or acid? Students should 
try to build a tree giving first the higher order to alcohol, and 
next giving it to the acid part. What are tho differences between 
the two systems? 

* they can try to use the data available to construct an overview, e.g. Table 1 

It is not the system produced, but the effort of structuring data into 
systems which really counts. The student is put into a situation in 
which he does not only learn from one source, but searches fee new data 
in different sources. He does not only memorize chemical data, he is 
using than to search for interrelationships. In this way he develops 
hlcjiar cognitive levels, i.e. an analytical mind, meaning the ability to 
syntheslse data, to recogni2e the Interrelationships and to evaluate 
both - data and systems. 



An exanple of structuring at secondary level: LIPIDS 



C 15 H M -CH-OH 



I 

CH — NH — CO — C 21 H 41 

j 0 CH 3 

CH*- 0 - P - 0-(CH 2 ) 2 -N+-CH 3 
0- CH 3 



< CH 2 0H 
I 

O-CH OH 
/ \ / 
CH 2 - O- C H HO C 

H /V i^ /N H 
f I 
OH H 

CH - 0 -C0-C 1S H 31 
CH 2 -0-CO-C 17 H 35 



c isH 2i -CH-OH 



CH-NH-CO-^Hjj 
CH 2 OH 

O-CH OH 
/ \ / 
CH 2 -0 - C H HO C 
/ M l/\ 
H C- C H 
I I 
OH H 



CH 2 -0- CO-(CH 2 ) u CH 3 
I 

CH - 0 - CO - (CH 2 ) 7 - CH a CH - (CH 2 ) 7 CH 3 



O 

II * 
CH r O- P -0-CH 2 -CH 2 -NH 3 

0" 

Examples of formulae of lipids - learning by heart would give only 
short term success. 

101 





Recognition of oonatituenta in the famulae of lipids - students 
observe and recognize paranetera and establish their hierarchy. 
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The modular system at secondary level showing 
interrelationships between Individual parameters 
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A matter of other examples for secondary level could be given, e.g. 
attenpta to build a system of acids and bases, hydrocarbons, oxidations 
and reductions, types of organic reactions etc. Thus a system could be 
constructed around the structural parts of a certain group of compounds, 
around types of reactions, different properties, spectral data, 
isolation procedures etc. the basic condition - a sufficient amount 
of data - has, however, always to be fulfilled. 

An example at the university level is illustrated by efforts to search 
for a system of optical brighteners. In this case, the student had 
first to study phenomena like the relationship between colour, absorb tion 
and emission with fluorescence as the special case. This was followed 
by the collection of data on optical brighteners, using traditional 
sources of information, as well as computerized chemical and patent 
data bases. By analysis of the structure of optical brighteners it was 
found that atilbene derivatives are present in sufficient number to 
fulfill the condition of a critical amount of data for or 
the use of structuring data and the pattern recognition method. The 
structures of these compounds were then analysed In detail, common 
parts and variables were recognised, and their hierarchical order 
determined. The following fragment (table 2) of the system produced 
offers an illustration. 

The work on the system of optical brighteners is being continued by 
taking fluorescence as the crucial criterion with the Intention of 
searching for a pattern In these conpounda of dependence of fluorescence 
on their structure. Thus, the teaching and learning aspects are 
combined with research, directed towards the understanding of 
fluorescence In relation to chemical structure, and Including an 
industrial Interest In the synthesis of optical brighteners - stilbene 
derivatives. 
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Table 2: System of optical hrighteners an the basis of stllbene (fragment) 
R- 



polyoondenaatlon 
of stllbene 



prolongation of the conjugated 
system via R by 



binding an 
aroma te 



binding a group with 
- and n-electrons 



fragment of matrix produced 



Ar r^^CH=CH-^^-Ar a 
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* found In chemical and/or patent literature 
o predictltt i 

ot found after prediction 



University-industry cooperation 



The method of structuring data Into systems and pattern recognition Is 
essential In the developmental efforts of industry, there is a flood of 
patent and scientific information , among which there are also data 
Which can be misguiding and may lead one In a wrong direction. In recent 
years the publication of strategic , both technological and economic data 
is increasingly limited* therefore methods enabling hypothetical predictions 
art becamng more and more necessary. 1 Q 5 



An example in university-industry c o op eration is the search for the 
backbone of the technological process in microencapsulation of a new 
technology for which in recent years alone more than two thousand 
patents have been issued. It is of course impossible to deduce the 
essence of the whole procedure from single patents or small groups 
of them, since patents deal only with parts of the process, and even 
here the key Information is hidden to the greatest possible extent. 

In the search for patterns we started with the largest number of patents 
which were accessible, this was followed by an analysis of subsets of 
data from about a hundred patents. Bach procedure was structured into 
a hypothetical "backbone" of the successive technological operations. 

In the direct vertical line there are four phases, for which it was 
first supposed on the basis of data analysis to be unavoidable parts 
of the backbone of the process. Which are the other parts of the 
"backbone" ? 

By superimposing thoee four diagrams, the phases which occur several 
times can be recognized. Ihe greater the fit of processes for an 
individual phase, and the higher the number of patents studied, the more 
probable tha"hypothetical backbone" of the process which is deduced 
from the parts of the diagram obtained by superimposing the different 
patent structures. (See p. 15) 

the same applies also to defining the probability of a value of an 
individual parameter within one phase, e.g. temperature. 



PATENTS REACTION. TEMPERATURE GIVEN 
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The vertical dotted lines show the tanperature interval where all 
the procedures meet, i.e. the most probable value. 
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Superlnposlng of patents: each square denotes one technological operation 
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Backbone of the method 



In general, the following stages can be defined in the method of 
structuring data into systems and recognition of relationships and 
patterns: 

1 . Definition of the problem and subproblems 



e.g. : How to improve the existing technology? 
The subproblems are: 

Vfriich variants for this technology exist? 
What are the alternative technologies? 
Which producers use those technologies? 
Vhat are patents, offers of licences like? 



In short, we should formulate such questions as would lead us 
to the sources of suitable data. 



2. Collecting data 

Use of special publications, journals, patents, industrial 



offers, etc..; 

profile design, search through scientific patent and market data 



3. Analysis of the collected documents 

Search for the structure of each process, definition of parameters 

4. Comparative study of each parameter and its relations; 

5. Search for ocronon characteristics, building up hypothetical patterns; 

6. Stating hypothetical predictions on the basis of patterns and their 
check by experimental worfc. 



Etc. 



bases; 




Design of computerized data bases as a component of education 

The nethod of structuring mentioned above always requires a large 
aunxtnt of data If It Is to be efficient In research or In development. 
This means that along with each approach to the use of such methods , 
we actually also become Involved with the design of specialised data bases. 

Therefore It is necessary to start constructing and using computerized 
data bases in school, e.g. for data on energy, metals, non-metals, 
reaction processes, rise and rail of prices, etc. Cnly on condition that both 
the teacher and the student, are exposed to such data bases which offer 
the required data and comparisons between them within a few seconds, can we 
expect them to turn to higher levels of knowledge, i.e. to the understanding 
of data and their interrelatedness , as well as the use, analysis, 
combination and evaluation of data. 

Cn the level of higher education, the building of data bases is an 
imperative. These an» of course specialized data bases for problem- 
oriented tasks, for •uhich the bibliographic data base is only the first 
step to a factographic and further to a structured data base, leading 
finally to the development and incorporation of at least some elements 
of expert systems. 

Education for the use of data bases is therefore not only learning how 
to find Information quickly on what has aJseady been discovered. Such 
an approach would soon convert the Initial enthusiasm to lack of 
Interest, due to the disillusionment caused by badly designed searching, 
which leads to a costly and excessive number of hits with little value. 

Data bases in education become an Indispensable part only if 

they are not just a collection of data, but the first step; towards higher 

levels* presented in the diagram on page 6. 

This however requires a different way of thinking and therefore also 
a different kind of education. We have to establish a transition: 
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- fran dealing with separate data to dealing with sets of data, 

- from putting together snail matters of variables to building systems 
with large numbers of variables, 

as well as 

- from Insufficiently organized searching for new knowledge to a long term, 
carefully planned collection, arrangement and combination of data 

into systems which are directed towards well defined disciplines or 
developmental problems. 
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A VISIT TO A FACTORY AS A PART OP PHYSICS AND CHEMISTRY 
EDUCATION AND ITS LEARNING OUTCOMES IN THE SENIOR 
SECONDARY SCHOOL IN FINLAND 

Hannu Kuitunen 
Chief Inspector 

National Board of General Education 
Finland " 



1. Background 

In 1979 The Finnish Government stated that the theme 
"Education tc the world of work and technology" should 
be taught a'; a Dart of physics and social studies and 
not as a separate subject in the senior secondary school. 

Following this decision a new goal for the physics education 
was given: "to make pupils acquainted with the technology 
on which production is based and with working life and 
production. " 

2. Searching for a method 

During past three years a model for industry visits for 
physics and chemistry education has been created in close 
co-operation between school and industry. The visits have 
been designed around the idea of an active pupil involvement 
concerning the physics and chemistry applied in the Cacbory. 
The model for the visits was created and tested during four 
in-service courses for physics and chemistry teachers in 
Heinola, a small town with a lot of industry round it. 
The activities and the results from the four courses are 
described in table 1: 




Table 1: Tho formation of Che model of the yisit to * factory during the 
four eoureee held in the Heinoli Course Center 



The purpoee end the ectivitiei of 




the couree 


reeulte 


Courie f: Preliminery etudiee 



11 fict oriei were vieited etch by e 
group of 3-4 teeehere who tried to 
find out if the feetory made uee of 
eueh kind of phyeiee or eheaietry 
thet ie relevant for the eenior ee- 
condery teeching. the findinge were 
lilted. 



Every feetory cade uee of e lot of 
phyeiee end chemietry. The eonclu- 
eion v»« drevn thet every kind of 
feetory eppliee e lot of phyeiee 
end chemietry, re 1 event for e 
eecondary echool pupil. 



Couree 2: Model forming 



The ease 11 fectoriee were vieited 
by the groupe of 4-5 teeehere, who 
plenned together with the etaff of 
the fectnry e program for e pupil 'e 
vieit. Eepecielly, pupile' own acti- 
vity wee to be encoureged in the 
progreae (aeesureaonte, definitive, 
•mall etudiee etc.) 



lb 10 fectoriee it wee poeeible to 
let the pupile work theni elver. The 
etructure of the programs and the 
ehere of .the tiae veried froa Rec- 
tory to feetory 

All the vieits. could be preeented 
by one echeae f 

(fig Jthe **Heinole model". 



Couree 3: Totting the model 



- Three of the fectoriee were viei- 
ted by e group of 22 teeehere eech. 
The teeehere pi eyed the pupile* role 
end teeted tha program aade by the 
couree 1* 

- Pupile froa tha locel eenior eecon- 
dary echool vieited cne of the facto" 
riee following tha line e of tha 
progress* made by the court* 2. they 
reported their vieit to the audience 
thet wee formed by the perticipante 
of the eouree 3, local end net lone 1 
echool luthoritiee, repreeentetivee 
of the teeehere 1 eeeoeietion end 
locel induetryv. 



- Deepite of eoae ainor difficul- 
tiee all of the three prograanee 
worked well. 

- The pupile 1 report wee a great 
aucceee. After reporting, ir h«etre 
evident thet the model in oueetion 
ie prectieeble. 

- Mo eiauletion cen replace the 
pupile' own preeentetion* Thie hae 
been kept in mind when "eel ling" 
the model further. 



Couree 4* Evaluation 



the perticipente of the couree were it wee cleerly eeen thet e cereful 
told by teeehere, repreeentetivee -of plenning not only of tha theoreti- 
the teathere 1 eeeoeietion, echool ed- eel eide of the vieit but eleo of 
ainiitretion aiuTinrfuetry the axperi- the praetieel eide ie a neceeeity. 
ence thet eech Of thea hed geined Ho it of the eudience were encour- 
ebout the aodel in pnetice. tgtd t0 attrt or t0 eont i nut tht 

Some pupile from the locel echool re- prectice of organiaing vieite to 
ported the vieit they had made during induetry. 
the previoue couree* the teeehere, 
then, vieited the tame feetory end they • 
got aqueinted with the working eitee 
of the pupile. All of thie wee followed 
by e diecueeion. 
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3. The model of the visit 



During the visit pupils make themselves some measurements, 
experiments or some other kind of studies that are closely 
related to the factory and the subject area studied in the 
school. Reporting the visit is an important part of the 
project. Careful planning is a prerequisite of the visit. 

A visit- dan be divided into six phases: 

1. Planning by the teacher and the staff of the factory 

2. Planning in the classroom 

3. Visit 

4. Prepairing the report 

5. Reporting 

6. Evaluation 

The model is described in figure 2. 
4. Testing the model in the field 

During the Heinola experiments an unofficial team was formed 
to guide the implementation of the model. In the team there 
were representatives of the National Board of General Education, 
the Chemical Industry Federation, the Association of Teachers 
of Mathematics, Physics and Chemistry and Kemira (a company 
in the field of chemical industry, consisting of a research 
center and nine factories in different parts of Finland). The 
team has met regularly, sharing information, discussing and 
consulting questions that are linked with the visits to 
factories'. Initiated by the team there was a symposium where 
the representatives of the school and the industry evaluated 
this new form of co-operation. 



113 



115 



1 . FLANKIKC BY THE TEA CHER | 


Finding out tha poaaibilitiaa that tha local industry offora, | 
coaing into contact with tha factorial, viaitint thraa, planning 
togothar with tha ataff of tha factory. | 






z. rumtutc in rut classroom 
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prapara thtaialvaa for tha ( 


Croup 4 
viait 


Croup 5 


i 


* 


j. visit to rue facto kt 


Suidad tour 
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Fig 2: The "Heinola-model" for the pupils 1 visit 
to industry 
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Kemira, which is one of the biggest enterprises in Finland, 
adopted the Heinola-model and trained the staff in all of its 
units to conduct these visits. The units have been active in 
offering an opportunity for the neighbourhood schools to 
visit them. 

A questionnaire was sent to the 180 teachers who participated in 
the courses, in Heinola. The letter and a follow up letter 
were, answered by 122 teachers. 

Among those who answered 

1*9 % had organized one or more visits 

24 % had not organized but are going to organize next year 
27 % have not organized and are not going to organize 
visits next year 

Of those, who have organized one or more visits $k % are going 
to organize next year, too. 

Altogether there were 109 visits to 81 different firms. The 
average size of a visiting group was 19 pupils, who divided 
into working groups in average. One visit took in average 
6 lessons. 

One third of the visits fulfilled well the criterion of the 
Heinola-model, one third were traditional visits and one third 
were between these two cases. 
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5. Learning outcomes of a visit 

Comparing the results from the visits with the task of the 
school, following conclusions have been drawn: 

- Though the visit is oriented or designed to serve physics 
or chemistry, it must not be evaluated in the terms of the 
aims of subject alone, but the broad goals of education 
should be kept in mind. 

- The visit motivates learning and gives variety to everyday 
routine. Pupils get a chance to meet adults other than 
parents and teachers. 

- It is important for pupils to experience the interaction 
between theory and practice, to see how knowledge learned 
at school is applied in everyday life. Pupils learn more 
about their home neighbourhood, too. • 

- During the visit pupils will interact with the technical 
staff of the factory. This will enrich their knowledge of 
professions, from which they can choose their own career. 

- An industry visit provides a natural opportunity to use 
alternative teaching methods and encourages pupils 1 
independent* autonomous work. 

- For teachers a visit provides an opportunity .to become 
acquainted with industry. Teachers often learn as much 
as pupils* 

- A visit will often be of value to two or more curriculum 
subjects. Thia leads to a natural co-operation among 
teachers. 

The outcomes from a visit are presented in figure 3* 
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EXPERIENCES FROM TEACHING BIOTECHNOLOGY 



Flemming libner, 

Innovative Centre for General Education, 
Ialevgard alle 5, DK-2610 Redovre, Denmark. 

Introduction 

Ole Heie has exellently made it clear to us, why it is impor- 
tant to deal with biotechnology in primary school. We have as 
Ole mentioned been working together to develope the teaching 
materials on •BIOTECHNOLOGY" 

Before we started the work to develope the teaching material, 
we were eager to find an answer to the following questions: 
• Are the students in the ninth and tenth grade sufficiently 
manure to understand the practical use of biotechnology on 
a reasonable level, (or will they take to science fiction 
with no substance in reality)? 
We thought •yes*, if they gained sufficient special knowledge 
to be able to attend to the public discussion. 

- As for the teachera?Would it be possible for them, even with 
a certain biological background, to teach within the areas of 
biotechnology? 

We thought "no - . No, because biotecnology is so new to the 
public that available information primarily was, and still 
13,1 ment for people with certain special knowledge, and for 
scientists. Teachers were thus prevented from possessing 
themselves of the necessary knowledge. 
Our purpose with the teaching material. 

Our purpose was to develop a teaching material, which within 
reasonably short time would enable the teacher to gain the 
necessary knowledge - and along with that the possibility to 
pass this knowledge on to the students. We also hoped to in- 
spire the teacher through ideas how to organize the teaching. 
12 classes have been working with the material. 
12 classes - partly from the neighbourhood of Copenhagen, 
partly from the provinces - have been working with the 2.nd. 
reviaed edition of the teaching material in the period of 
January to April 1985. 



The teachers evaluation . 

To give an impression of how this has turned out, I shall 
briefly give some of the conclusions of the teachers evalua- 
tion on the material and the students • /classes ' reactions toi 
the teaching* 

(The entire evaluation is laid out to the public along with 
the teaching material during this conference). 
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•••y 


difficult 


Part 


It 
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apodal knmltdgt - ta«ch«r« 


lovol 


Part 


Hit 


•pocltl knowltdg* - «tud«nt« 




Part 


IVt 


collection «f nt*«P«ptr •rticl«« 



Part Vt tttchtra 9uld« to th« fll» "CMldrtn of th« future" 

(Each mark represents one teacher). 

Generally the teachers find the material fairly difficult .They 
would, if possible, like the technical literature to be 
further popularized. 

Apart from that they are very content with the teaching mate- 
rial and the way we suggest the teaching to be organized. 
As for the teachers level our purpose is obtained! 
The teachers have found it interesting to work with biotechno- 
logy - but what about the atudents?How vas their interest in 
the subject?Oid they enjoy working with it?Oid they find it 
too difficult? Etc. 
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The students' /classes ' reactions to the teaching. 

We asked some questions to the teachers in order to throw 

light oa these points. 

QEWERELLV THEIR INTEREST IB TOT 8 OBJECT WAJt 



„ ~ 9TH GRADE 



littla grtat 

0 0 OO 1QTH GRADE 



(Each mark represents a class) 
The interest was above medium. 



HOW DID TBE INTEREST DISPERSE OVER THE VARIOOS AREAS 
Of THE SUBJECT? 



PCX K 



m GRADE 



CLONING 



littla gratt 

0 d0 ° 10TE GRADE 

9 Til GRADE 

Jf KKK 

IH- VITRO- r . | 

littla graat 



facilitation 



w 10TB GRADE 
ITU GRADE 

v K 



,CMO,lws iftcn gat 



GENETIC- 
ENGINEERING 



000 10TB GRADE 
9TB GRADE 



littTt graat 

0 O OO 

10TB GRADE 



(Each mark represents a class) 

Teachers comment 2 "The theory of genetic engineering was most 
difficult for the students .Cloning and in-rvitro-f ertilization 
were found to be the greater interest" . 

GENERALLY THt STUDENTS POPUP THE SDRJECTt 
*W* »TB GRADE 



toaaaay tcodifficult 
OOO O 10TH GRADE 
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The grade of difficulty was estimated to be medium/above 
medium. 



TO WHAT mm DID Tftt VAMO0I PHUM CATCH TMK TW^TIT 
Or TBt gTUDEWTl? 



PHASE 



X X *KK 1TH OKAOE 



not at all 



graat axtant 
9 d © 10TM GRADE 



II 



X XX fT K *™ GRADE 



not at all 



graat extant 
° tOTH GRADE 



PHASE III 



VXT *TH GRADE 



not at ail 



OOO 



graat axtant 
10TH GRADE 



PHASE IV 



X K XX 



STB GRADE 



not at all 
O 



OO 



graat axtant 
10TH GRADE 



Phaaa It Motivation 
Phaaa lit apccial knowladga 

Phaaa Hit work in groups to daal with iaauaa of important* 
to tha coawunity concerning tha practical uaa of 
biotachnology. 

Phaaa IV t phaaa of fatharing/aaking pioduct 



Generally the interest was above medium in all phases. 
WAS THERE ANY CHANGE IN THE UNDERSTANDING AND KNOWLEDGE OF THE STUDENTS 
PUR INC THE PERIOD? 

Generally they displayed greater knowledge and understanding. 
Teachers comments: "Definitely. Generally they showed greater 
insight and understanding of the importance of the subject" . 
"Yes - fortunately. Conceptions like in-vitro-fertili2ation, 
cloning, genetic engineering , surrogate-mothers found their 
way into the class room discussions" . 




"I felt in the discussion* , that the students had gained 
large understanding of the problems (particularly concerning 
thc£thica) which biotechnics force us to face"* 

WERE YOU ABLE TO FIND CHANCES IN THE INDEPENDANT ATTITUDE OF THE STU - 
DENTS CONCERNING ISSUES OF THE PRACTICAL USE OF BIOTECHNICS? 
The students showed a clear tendency to involve themselves 
and through this make up their minds. 

Teachers commets: "Yes, many students took up a moral attitude 
as they realized the prospects". 

"Yes, in particular many girls acted on the question of surro 
gate-mothers. They were far from reaching an argument on the 
point of law-giving". 



it it ram mutation. that rat attitude op tot 

tTUBtWTt COMCCTtlWO OtWTlC AtttAACH AND PRACTICAL 

ott or ran was maihlti 





NtOATtVl 

unsympa- 
thetic 


QUEtTlONASLX 
uncart tin 


nUTXVB 

appreciative 


with eirtaiD 
r.i.rvttlon 


without 
rasarvat. 


CLOU I HQ XXL. 
HAS 




X 

o 






CLOMIHa IRQ,. 
HAN 


X 
0 








in - vmo- 
rmxuuTioit 


0 


o 


X 

o 




OSMETIC tNCl- 

hxxmno xxl. 

HAN 




X 
0 


X 




OtNXTIC XNOI- 
NXXNINQ INCL. 
HAN 


X 
0 









X~ 9TN OAAOt O-10TB CJUDt 

TTMCAL ANttftA. 
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We also asked IF THE TEACHERS FOUND THE SUBJECT RELEVANT 



TO THE 9th A 10th LEVEL , 

Here the answer was - yes most relevant. 

Our purpose was thus gained at the students level as well. 
The students not only obtained greater insight, many of them 
found an interest in the subject, which reached out beyond 
the work in school. 

One of the teachers writes: "The students started reading ar- 
ticles in the newspapers, listening to radio and TV-programme^ 
on the subject - and they told me about it". 

Conclusion. 

All - teachers as well as students - have found it interesting 
working with the subject - even if, at times, it was difficult. 
But all new is difficult. X suppose it is a question af time 
and a reasonable popularization of the special knowledge be- 
fore biotechnics will settle in the minds of people - like the 
technics and use of computers. 

But it is important, that the areas of biotechnics will not 
stumble into the world of school education , as was the case 
of computers here in Denmark. 

(Along with the teaching material "BIOTECHNOLOGY" , and the 
entire evaluation, X have ^allowed myself to exhibit a few 
examples of my book "Biotechnics and the future" here at this 
conference. The book is an attempt to make the subject compre- 
hensible to "ordinary people"). 
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Background 

A content-related pedagogical perspective has gradually been 
developed by the XNOM-group **** 1 >, Department of Education, 
University of Gothenburg. This approach meant a break with 
the prevalent views claiming a quantitative approach to pheno- 
mena of learning. This shift of paradigm implies that the 
effects of learning cannot be quantified in "how much" but are 
qualitative in "what" and "how". The focus of what i$ learnt 
and how it is learnt brings about an emphasis on the content 
and the act of learning. Phenomena like knowledge, learning 
and teaching must be described in terms of the subject matter, 
ii e. the focus of the student's attention in a certain 
situation (Marton, 1975, Dahlgren, 1975, Sfiljd, 1975, Svensson, 
1976, Marton, Dahlgren, Svensson and SHlj6, 1977). 

Characteristic of the work done by the XNOM-group is the method 
of interviewing and analysing interview data. The method has 
been described in the works ntmtioned above and is continuously 
being developed. The interviews are trancribed and the proto- 
cols interpreted and analysed. Such an analysis will establish 
oategoriee of description, concerning various conceptions of 
knowledge as the qualitative differences in conceptions of a 
certain content. These descriptions form an outcome epaoe of 
conception* and forme of thought about a certain phenomenon and 
form a result as such. Several studies have shown the product- 




ivity of this pedagogical perspective of knowledge formation, 
now called phenomenography (Marton (1981). 

In the early 1970's, the formation was laid for a subject 
didactic theory for science education based on the Theory of 
Science and Research created by Professor HAkan TBmebohm, 
University of Gothenburg. Since 1 975 we have continued this 
work within the INOM-group and a subject didactic theory for 
science and mathematics with a basis in empirical research on 
the Integrated Upper Secondary School, has been developed 
(Lybeck, 1981 a). We have used the interview method developed 
by the INOM-group and the outcome of the interview studies has 
been employed as tools in describing and interpreting pheno- 
mena of learning and teaching, recorded in classrooms and 
school laboratories. This is a methodological development of 
the research approach of the INOM-group. 

The theoretical reflections on our research approach in the 
field of science and mathematics education have been presented 
by Lybeck (1979a, 1980) , and in Swedish by Lybeck (1978b, 
1981a). Some empirical results on maths and physics are to be 
found in Lybeck (1978a, 1979b) and in Lybeck, Strttmdahl and 
Tullberg (1985) on chemistry. The most coherent presentation 
of earlier theoretical and empirical results is to be found in 
Swedish by Lybeck (1981a). Unfortunately, most of our results 
are published in Swedish. 

The status of teaching science and maths in Sweden has been 
described by Lybeck and Sj&berg (1984). The first research 
project was initiated on June 1st, 1975. At that time many of 
the students in the natural science line (N line) and techno- 
logy line (T line) of the integrated upper secondary school 
(grades 10 - 13, ages 16 - 19) experienced a dramatic change in 
the way the wcrld around them is percieved as a result of the 
transition from the nine-year comprehensive compulsory school. 
Physics and chemistry present abstract concepts that take a 
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long time to understand. In spite of the fact that the stu- 
dents are interested in the natural sciences and mathematics, 
they are confronted by a way of reasoning that many of them 
have little experiences of; at the same time they are required 
to reason along very definite lines. Our question was: 

How do the students reason when they begin th&ir studies 
in the N and T-line and 

what changes take place, in their reasoning during their 
studies ? 



We believe that partial answers can be given if one studies the 
way in which students reason when they are working with a cer- 
tain subject content, i. e., a particular scientific phenomenon 
related to a principle or certain concepts, e. g. Archimedes' 
principle and the concepts of density and pressure. We have 
tried to describe the students' qualitatively different eon- 
ceptione of a phenomenon at a certain point in time and during 
the teaching itself. The object of the studies consists of the 
spontaneously expressed qualitative conceptions or thought 
forms. The object of our studies cannot be found in textbooks 
or in the teacher since it is a phenomenon that acts as a 
relation between the student and the subject content or pheno- 
menon studied by the student. 

Zn the first place, examples will be given of the results 
obtained from interviews with individual students and from 
tape-recordings made in the classroooms and school laboratories « 
The extent of the finr\*gs in this connection will be commented 
upon and the problem a rtea for didactic research will be shown. 
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N and T-itudents' conceptions of the concept proportionality 

The concepts of proportion and proportionality are taught in 
the compulsory school, and proportionality Is taught again In 
grade 10 (first grade of the upper Integrated secondary school). 
These concepts are used as mathematical inttvumtnt* In the 
formation of concepts such as density , spaed, resistance, 
amount of substance and concentration, and concepts such as 
some of those included In the chemistry and physics syllabi in 
grade 10 of the N and T-linea. Our main Interest was: 

How do the N and T-students quantify using those concepts ? 

As our studies were concentrated on the age group 16-17 
(grade 10), we also used the Measuring Cylinder Task and the 
Spring Balance Task (Suarex, 1977(1975)). We will exemplify 
the outeom* opac* of the N and T-students 1 conceptions of the 
concept of proportionality with the Measuring Cylinder Task 
without touching on the actual interview procedure (on the 
procedure, see Lybeck, Stromdahl and Tullberg, 1985, p 163 ). 
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The Measuring Cylinder Task 



11 



(a) 



1 



(b) 



Figure It (a) * starting-point in the Measuring Cylinder 
Task, and (b) , question 4-y 

Identically graduated measuring glasses with different diameters 
are used. The scales are not numbered, nor is any unit of mea- 
surement given. First, the Interviewer fills the "thick" cylin- 
der with water up to level •6 I . when the water is poured into 
the "thin" cylinder it rises to level as shown in Figure 1 
(b). This is the starting point for subquestions as those t 



Question 4-y i 



Question 9-y t 



Xf X pour water up to 4 level of the thick 
cylinder, how high would it come in the thin 
cylinder (which is empty) ? 

Xf X pour water up to 9 level of the thick 
cylinder, and then pour the water into the 
empty (thin) cylinder, how high would it 
come ? 



The answer is followed up byt 
How did you work it out ? 
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¥•11, how would you, dear reader (teacher), reason when you 
solved the problem ? 

This is how the students 5N and 4N (N line, girl and boy) 
answered: 

S: Well, 1 thought like this, the difference 

between 6 and 9, then X thought, (y - x « 3) 

and so 'plussing', adding. you add 

it, the difference to 4. ... 7. (y • x + 3) 

<5N) 



St 7. 

Et How did you arrive at that ? 

St 6 minus 4 is 2. (x - y ■ 2) 

9 minus 7 is 2. (x - y « 2) 

(4N) 



Our algebraic interpretation is given after the students 1 
answers. He use x and y in the conventional sense as first and 
second term in the pairs of values (x, y). The students arri- 
ved at the same answer but used completely different solving 
strategies which we have described symbolically as follows t 




(Student 5N) (Student 4N) 

figure 2t Solving strategies used .by students 5N and 4N 
answering question 4-v 
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The outcome apace of students 1 conception of proportionality 



It was found that the best interpretation of a nuancer;, empiri- 
cal body of material is provided by a general line of thought 
which reflects the aonotpt of function and an interacting con- 
ception of how quantification should take place. The . 
functional a*p*ct is the students 1 line of thought on the 
conception of the proportion and proportionality tasks, with 
the answer categories A and B. The quantification atptct 
stands for the way in which mathematical instruments are app- 
lied and has four categories, 1-4. Thus, student 5N quanti- 
fies b$Wn the relevant variables (4 form) and student 4N 
within one variable at a time (8 form) • 

Within each of the function aspect's category of answers A and 
B, the students express the changes that have taken place in 
different ways. We also find, however, the same mathematical 
instruments among the answers categorized as A or B forms. 
Below are the four categories of answers referring to the 
quantification aspect. 

The guantif ication^aspect 

1* Direct proportion . The relationship is expressed as a 
multiplication or a division or as a relation (ratio), 
e.g. as in 



y ■ 1 . 5 • x or £ ■ | 
or inverted as in 



v x 2 

x " or y " i • 




2. Proportional increase or decrease . The relationship is 

expressed as an addition, subtraction or difference with 

the aid of a (increment) factor or ratio, e.g. as in 

1 1 v - x 1 

y ■ x + ^ • x or y «• x « j • x or — « «j 

or inverted as in 




3. Relating either absolute increase, absolute decrease, or 
absf & ute difference » 

The student realizes that the increase, decrease, or 
difference cannot be absolute (see category 4 below), but 
does not succeedin quantifying the relationship in 
categories 1 or 2 above. 

4. Quantification through absolute increase, decrease or 
difference . 

The relationship is stsn as an addition, subtraction or 
a difference as in 

y • x ♦ 3 or y - x « 3 

or inverted as in 

x • y - 3. 



Note that student 5N utilizes the form in the relation that 
tsplieitly expresses the number she wants to obtain. Student 
4N, on the other hand, dees not change forms when he applies the 
relation for the second measuring glass and consequently does 
not *sp licit ly express the unknown size. These ways of quanti- 
fying belong to answer category 4. The thought form* uaed by 
the students are called A4 and B4 in the tvo-dim*n*ional tabl* 
of oattgorito which the outcome *pae* constitutes. 

At the beginning of the school year, four students answered 
question 4-y with the A4 form and one out of 26 with the B4 
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form; at the end of the school year, nine students out of 76 
answered the question with the A 4 form. In spite of one school 
year's study, to spontaneously express the •corrective 1 reflection 
•If I pour water from the empty thick cylinder into the thin one, 
then it will be filled up to the third scale Une' does not 
come naturally to these students . 

From a methodological viewpoint it is important to note the 
essentially different thought forms illustrated by answers in 
the A or B category of the function aspect. Category A leads 
to the algebraic form y ■ 1.5 • x, i.e. the general functional 
relationship for direct proportionality, while category 8 leads 
to quantitative algebraic forms that do not express any general 
direct proportionality. This constitutes didactic knowledge 
that is of great importance to concept formation in the natural 
science subjects, where relevant variables of different quali- 
ties (quantities) lead to the new concepts by means of the A1 
form. It is the A1 form that holds development potentiality. 

We cannot do the students justice in this paper by presenting 
the wealth of thougt forms used by them, but must instead refer 
to the reports of the BMN project? 2 *In conclusion, however, let 
us illustrate how student 3T describes the inverse thought form 
(x » § • y) . * 

St There is two third in the large... of what will be 
in that one (the thin one). 
(3T) 

However, he solves question 9-y with the A2 form y ■ x ♦ j • x, 
probably because of the arithmetic complexity that arises when 
the thought form in A1 is retained. 

The students' responses on the Measuring Cylinder Task and the 
Spring Balance .Task can be described by the same two-dimensional 



132 



outcome space with the sane basic structure. In fact, no re* 
sponses were^ obtained in the A2 V A3, A4, and B4-cella of the 
outcome space of the Spring Balance Task* 



Here, there i* reason to reflect on the relation between the 
outcome space and other knowledge production involving the 
concept of proportionality. Our qualitative analysis shows 
that the functional aspect's A and B forms are descriptive* 
categories that are superior to the quantification forms 1-4. 
In studies in developmental psychology and in mathematics and 
science education, the functional aspect is not used as a desc- 
riptive category; however, the quantification aspect shows 
similarities to our results (Lybeck, 1981a, b). As in the case 
c-£ our ^udl v ,he aim of these studies has been to map the 
formation or .^tific concepts related to the concept of pro* 
portionality. Rsing A and B forms has made it possible to 
discuss the r#itul4# of other researchers as well as to show 
that the outcoii ^li^ses are a stage in the process of learning 
about students 1 thought processes (Lybeck, 1981a, b). Here, it 
is a question of research methodological matters concerning 
the validity and reliability of the results. 

Inhelder and Piaget (1958) use the so-called INRC group to 
psychologically explain children's ways of thinking about direct 
and inverse proportionality. Their theory does not distinguish 
between the A and fi forms that can be found in their empirical 
data, e.g. on the two-arm lever (pp. 173-181). Our A and B 
forms thus constitute negative evidence in the case of their 
theory. 

We have found that while one student may solve the Measuring 
Glass Problem by using the A form and the Spring Balance Pro* 
blem by using the B2 form, another student may well do the 
opposite. According to exponents of Piaget f s theories, a 
student is a formal thinker if he uses A1 forms and a concrete 




thinker in other cases. With this classification, our students 
would be formal thinkers with proportionality in one context 
but not in another. In our view, this is not a suitable way of 
classifying students. It is not really relevant to knowledge 
of students 1 thought processes as a basis of teaching and lear- 
ning. We do, however, feel that it is an appropriate method to 
describe the conceptions and thought processes manifested when 
students encounter different types of content where proportion- 
ality is a part of comprehending a phenomenon. Zt is the con* 
tent of the students 1 way of thinking about a phenomenon that 
we are trying to classify. 

The functional concept of mathematics have been developed over a 
long period of time in relation to physical phenomena. When 
Galileo Galilei quantified the law -arrived at by means of 
experiments - govering the relation between distance and time 
in the case of balls rolling down an inclined channel, he used 
proportion and the 8 form. In his time, algebra had not been 
developed into the form it has today. Zt was first during the 
latter part of the 17th century that Leibnis and Newton used 
proportionality in the modern sense of the word. Preudenthal 
(1978) discusses in depth ratio and proportion in his didactic 
phenomenology. Re exemplifies with the uniform velocityt 

"•In equal times, equal distances are covered' is a popular 
definition; and this is, if continuity is tacitly assumed - 
as it should be - equivalent to the formally stronger state- 
ment 'distances are in proportion to times 1 ■ . (p. 293) 

Ratios formed by pairs of numbers in a system are called inter- 
nal and corresponds to the a form. External forms corresponds 
to the A form. In the case of uniform velocity, we have - 
using Preudenthal 'a symbols - the following thought forns 
(knowledge forms) s 
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1 



1 



: t 



2 



(B1 form) 




1 



2 



: t 



2 



(A1 form) 



Freudenthal also says: 

"Interchanging the middle term in a proportion it so famil- 
iar to us that we can hardly realise the vldth of this men* 
tal jump. ... and since today nobody is aware of this men- 
tal jump, nobody raises the question whether it could not 
be too big for the learner." (p. 294) 

It is obvious that Freudenthal has made use of this insight 
when improving textbooks. Re has not, however* shown by means 
of empirical studies that this difference in external and in- 
ternal relationships is to be found in students' conceptions 
of the above-mentioned concepts* 

A point here is that the A and B forms have their equivalents 
in the history of mathematics and science. This strongly sup- 
ports the plausibility of the outcome space arrived at by means 
of subject-didactic studies in these fields. The outcome space 
reflects the nature of the thought processes that both charact- 
erised these fields of knowledge. The dominating thought pro- 
cesses represented by the A and B forms can with good reason be 
called styles of thought . 

It is obvious that other disciplines, in addition to develop* 
mental psychology and educational psychology, can make substan- 
tial contributions in the form of humanistic knowledge of 
importance to subject-didactic research. Such disciplines are 
theory of science and history of science and ideas* In the 
case of mathematics, the outcome space should contain the know- 
ledge in this field. Our forms corresponds to a property of 
'the function proportionality 1 which mathematicians write as 
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follows: 



f(k 1 ■ x 1 ♦ k 2 . x 2 ) • k 1 • f( Xl ) ♦ k 2 f(x 2 ). 

P. criterion of an outcome space arrived at being a contribution 
to subject-didactic research is that teaching problems can be 
discussed with the help of this outcome space. When describing 
a relation, the student can choose two different references, 
one for the •growth 1 factor and one for the increase. (In the 
Measuring Glass Task, the A2 form y ■ x ♦ j . x leads to the 
correct answer, but some students use a strategy to solve the 
problem which can be expressed by y ■ x ♦ i . x; X * x - i and 

J X 2 

^ y * ■ This is a common error when calculating percent- 
ages and can partly be explained by the fact that the students 
prefer the way of thinking that explicitly results in the num- 
ber searched for when quantifying. 

The two-dimensional out-come space for proportionality can be 
used for subject-method hypothetical reasoning about how stu- 
dents solve proportionality tasks related to different subject 
contents (Lybeck, I981a,b) . X would like in this way to indi- 
cate a possible way of constructing a model that takes into 
acount the contextual dependence in the students' thought pro- 
cesses. It would also take into account the widely varying 
ways in which they reason. The aim here is, quite simply, to 
convert thought content into teaching content. Another example 
of subject-method hypothetical reasoning baaed on the A and 8 
forms is the explanation of how pupils reason when carrying out 
operations with the position of the decimal-point. In fact, 
this operation means that an A form is used, but the pupil can 
use a B form and thus avoid the more abstract A form. 
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Textbooks can be analysed with the help of the outcome space* 
An example is given of hew the teaching method is based on B 
forms in the general course while A forms are utilized in spe- 
cialized course programmes when it comes to applying the con- 
cept of percentages in mathematics teaching at the upper level 
of compulsory school (Lybeck, 1981a). The way in which a text- . 
book presents a starting-point for teaching is one thing, but 
the way in which this starting-point is made use of in teaching 
is a different matter entirely. If the students do not under- 
stand when using the A form, the teacher risks leading them 
into a cul de sac by using the B form* X have called this 
phenomenon of teaching metod piloting * 

Initially, our proportionality study concerned N and T students 
at the beginning of their first year at upper secondary school* 
It can be seen primarily as a qualitative evaluation of mathe- 
matics teaching at compulsory school level given to this spe- 
cial group of students* By carrying out interviews with the 
help of this instrument, which is made up of the outcome spaces 
for the proportionality tasks, quantitative effects of teaching 
can also be evaluated* We thus obtain a different frequency 
distribution at the end of the first year which shows that the 
students 1 numerical skills have improved (Lybeck, 1981b). 
Alterations in the syllabus of mathematics during the 1970's 
were intended to achieve this effect* 

The two-dimensional outcome space has also been used by teachers 
as. a diagnostic instrument (Lybeck, 1981b)* 

Using the same phenomenon, it Is possible to describe students 1 
conceptions that differ from ei\ch other* This can have conse- 
quences when the categories of description obtained are used as 
instruments of evaluation* Consequently, an Important question 
as regards subject didactics and didactics in general concerns 
taking into consideration differences in the perspectives and 
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underlying assumptions that affect tho formation of knowledge 
(Lybeck, 1981a, b). This is also a question of methodological 
research issues which is not only limited to the validity and 
reliability of the evaluation instrument but also, to a larger 
degree, to its relevance . This, when research results are to 
be used as the basis of arguments for or against certain mea- 
sures to be taken in work on syllabi and curricula , great 
attention must be paid to these aspects. 

Here, I would like to describe the outcome space for students' 
conceptions of the quantity density. 



Students' conceptions of density 

The Cartesian diver (Figure 3) was used in interviews with 
individual students from the M line, first year, the two-year 
social science line (So line), first year, and the upper level 
of compulsory school, first year (grade 7). 





EI 



Figure 3 : The Cartesian diver (a) and a model of the 
diver (b) 
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The physics-based explanation of the Cartesian diver phenomenon 
entaili system thinking. The system consists of the following 
subsystems i the diver, the water in the outer pipe and the 
earth. The diver interacts with the surrounding water and the 
earth. A complication is that the diver subsystem also con- 
sists of subsystems; these ares the glass object itself, the 
volume of water and. the amount of air in the glass container at 
a given time. At the interviews, a model of the Cartesian diver 
(Figure 3, b) was used. This model accentuates more schemati- 
cally the important subsystems. 

The Cartesian diver phenomenon induces the students in a natural 
way to answer the question: 

Why does an object float or sink in water ? 

At the interviews, the students expressed conceptions of 
Archimedes* principle and density. Other related terms used by 
the students in their explanations were displaced volume (of 
water), lifting power, pressure, etc. 

Three qualitatively different conceptions of density emerged 
from the qualitative analysis of the students* answers to the 
question above. 

Category 1 x Classifying 

The explanation given is absolute in character and is characte- 
rised by the attention paid to one subsystem and one of its pro- 
perties. The objects are classified as floating and not float- 
ing, i. a. sinking objects. 

The students say that an object sinks because it is heavy, or 
that it floats because it is light. This can be due to a pro- 
perty of the water that enables it to "support" the object, 
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e. g. by means of the water's "lifting force" or its "surface 
tension" . 

Category 2 : Comparative 

The explanations given are in a sense relativistic and focus on 
two subsystems or two varibles that simultaneously express the 
properties of these two subsystems. Tht students see a compara- 
tive relationship between the proporties of the subsystems $ e. 
g. the weights , masses or volumes of the subsystems. 

The students say that an object sinks because it is heavier than 
water and that it floats because it is lighter than water. 

A student can understand that two similar volumes of the sub- 
system a are compared , but this is not expressed explicitly. The 
student can have an understanding of the concept of displaced 
volume and a clearly expressed statement on this relationship 
constitutes an example of the next category of description. 

Category 3 t Quantitative 

The explanations given are characterized by the fact that the 
students try to quantify the realtionship between properties of 
the subsystems in the form of relevant variables. 

An important element in this conception of density is the reali- 
zation that the masses should be compared or, as the student say, 
that the weights of equal volumes of the object and the water 
should be compared. This realization is essential to the under- 
standing of Archimedes' principle by means of the concept of dis- 
placed volume. A reporter in the TV news programme Rapport gave 
the following explanation of Archimedes 1 principle, which is not 
what the principle stands for from the point of view of physics: 



no 



"... a body immersed in water displaces exactly the same 
amount of water as the body's own volume. This law is 
called Archimedes 1 principle." (Lybeck, 1981a, p. 194) 



A quantification can mean that an object sinks because a volume 
of water equal to the volume of the object weighs less than 
the object. This is a B form conception of density according 
to the outcome space of proportionality. A quantification can 
also mean that the students say in some form that an object 
floats if the ratio of its mass to its volume is lower than the 
corresponding ratio for water (» 1 (g/cm 3 )) and that it sinks 
if the ratio is greater than 1 (g/cm 3 ) . This latter type of 
quantification is an A1 form. Characteristic of the most deve- 
loped conception is that a quantitative relationship is formed 
between two varibles of different qualities, namely mass (m) 
and volume (V) • 

The categories of description from the classifying via the 
comparative to the quantitative category express a development 
that reflects the formation of knowledge in physics. A fitting 
example is the classification of objects as insultors and 
conductors (non-insulting) in electricity. 

Our studies of students' conceptions of proportionality in the 
case of the Measuring Glass and Spring Balance Tasks demonstra- 
ted that an integration of the outcome spaces took place as a - 
result of a degree of structural similarity. Similarly, we can 
see that the outcome spaces of the students 1 conceptions of 
density and proportionality can be integrated and X shall now 
exemplify this with excerpts from recordings made in classrooms 
and school laboratories. The two-dimensional outcome space has 
been used as an analy$i$ in$t*um*nt in studies of the transcrip- 
tions of recordings of lessons. 




Integration of the outcome spaces for density and 
proportionality at veil ai recording! made In c lag a rooms 

At the beginning of the school-year, grade 10 of the N-llne, a 
diagram was placed on the overhead projector (Figure 4). The 
diagram was based on the students' own data. They had measured 
the volume and mass of some wooden blocks (two different kinds 
of wood were used, but the students were not Informed of this) . 



(t) 



10 



M 



10 



i i 
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Figure 4 : The teacher's diagram on the overhead projector 



Teacher: 



Tor: 

Jarl: 

T: 

Annie: 



How did you react when you saw these points ? 

rhapo you placed your points differently from 
mine. 

Well, you try to get them to appear symmetrical , 
or something like that. A straight line . 
Try to get a straight line passing though the 
points... It's a bit difficult... You could try., 
tfh&t are we trying to get ? 
A relation. 
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Teacher: Between what, then ? 
Olof: Between the points* 

Afttrid: Tht relation between volume, size and mass* 
Tor: If you try to get a relation, then, so that the 

volume and the mass Increase by an equal amount 

In comparison with each other , 

But, of course, there are so many things that mean 
that It doesn't have to do that. So that those 
pieces of wood* they could be different types of 
wood , and they might have been taken from different 
parts of the tree * So that there are larger fibres 
and that sort of thing in the piece of wood . That 
means that they don't have to corresponds, but one 
tries to get the... 

Teacher: So you aren't at all surprised that it's like this? 

Tor: well, I suppose I'd counted on it being a straight 

line . 

Students: (Mumbling)* Two straight lines* 
Teacher: Why had you expected it to be a straight line ? 
Tor: Yes, I had expected a result that showed that there 

really was a relation hwe between volume and mass* 
This, if this is what it's like on that (the diagram 
on the overhead projector)* then you're not really 
getting anywhere* It's just like that* 
That's how it is* (tybeck, 1981a, pp. 92-93) 



The students had previously discussed their diagrams and talked 
about a relation as a straight line) but they had not drawn the 
straight line* Tor understands the functional relationship: 
"the volume and the mass increase by an equal amount in 
comparison to each other"* This is interpreted as a B form 
(Figure 5) * 
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Volume Ma 88 

•equal amount" I < » I "equal amount" 



V 2 ffl 2 
(B form) 



Figure St Tor's conception of the functional 
relationship volume - mass 



The teacher later aaka if there is any difference between the 
relationship mentioned by Tor and the relationship mentioned by 
Annie. 

Annie t But it's like Tor said, you have to measure the 
mass and the volume and see if they agree more or 
less. (Mubling) . 

Teacher t You must explain more clearly* 

Annie t Yes. But that the mass and the volume. Even if the 
mass is. . . The mass must be equally large as the 
volume. They must agree , even if the bits are 
different sizes (have different volumes). 

Teachert Once more, Annie. That sounded interesting. The 
mass and the volume must be equally largo, even if 
the bits are different sises. 

8tudentt The density. 

Annie* Yes* the density must (be equally great). 
(Lybeck, 19tt1a, pp. 96-97) 

What is 'equally large" is clearly the relationship between mass 
and volume at each point in the diagram and this relationship is 
called density. Xf this interpretation is correct, then the ver- 
bal quantification is equivalent to an A form of the functional 
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relationship. Figure 6 shows how this can be symolized. 



Volume Mass 
■equally large" 




(A form) 



"equally large" 



Figure 6 : Annie's conception of the functional 
relationship volume - mass 



During a lesson, the teacher initiated a discussion between the 
students by placing two boxes, covered with tinfoil and sealed 
with tape, in a bowl of water as shown i Figure 7. The boxes 
appear to be equally large but one of them sinks more deeply 
into the water. They both have their largest base areas paral- 
lel! with the surface of the water. 




Figure I t Two boxes floating in water 
The above qouted student Tor responded as follows t 
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Tor: Well, if you take the bit that's under water you 

can measure it and see what its volume, is. And then 
you get, for example , 3 cm 3 . So it has displaced 
3 g of water, and then you measure the rest of the 
piece above the water to see how much of it there is* 
So if one says that 1/3 is under water, then one has 
to take that weight times 3 in order to get the 
weight of all of it. 

And: Ho. 



Teacher: They want you to repeat what you said. 

Tor: Yes, but the part of the box that is below the water 
surface has a certain volume then, say 3 cm*. And so 
3 cm 3 of water is displaced. That'll be 3 g of water 
too. Then there's the part that's above the surface 
of the water. One has to calculate a percentage of 
how much is below the surface in order to get the 
whole , and then it weighs 3 g, the part under the 
water. Then, there's the rest... then one Knows what 
a part of the box weighs and all one has to know then 
is how large the part is one has weighed. 

fit May 2 ask whether the part which is below the 

surface of the water is 1/3 of the whole (box) ? 

Tort Yes. 

fi* ' It weighs 3 g, you said. 
Tort Yes. 

fit That was your example ? 
Tort Yes. 

fit How much does the whole box weigh ? 
Tort It weighs 9 g, then, yes* 
fit Z see. 

• ♦ * 

Vant That can't be right. 
Teacher t Do you agree And ? 




Ke interpret Tor's conception! at follows. He perceives the 
concept of denitty in the B1 form (Figure 8) . 



Volume Nats 
1 cm 3 1 g 



• 3 




• 3 



Figure 8 : Tor's conception of density in B1 form 



This qualitative conception of the concept of density brings to 
mind the concept 'specific weight' as it was known in the 13th 
and 14th centuries, which is the weight of an appropriately 
chosen voluwe in an experimental connection. There is, thus, 
a conceptual distinction between weight and specific weighti 
they are, however, measured in the same physical dimension, 
namely, weight in this 'Aristotelean world of conceptions'. 
In this hypothetical experimental context, Tor makes this 
assessment with B1 forms according to our interpretation. 
Firstly, a perceptually estimated volume, and finally to the 
object's total weight ( in air). (See Figure 9). 
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mass 



Figure 9 t Interpretation of Tor's conception 



Tor was completely convinced that the 'strength in the inter- 
ation' between the subsystems 'water 1 and 'floating objects' is 
a measurement of the part of the object below the surface of- the 
water. The researcher's ?E) questions are an example of how 
empirical evidence is generated in order to confirm the didactic 
hypothesis regarding Tor's qualitative conception of the pheno- 
menon. Some of his classmates disagreed with him. They tried 
to make him abandon his conception by means of different argu- 
ments but he remained stedfast to his 'theory 1 . The cognitive 
conflict created in Tor and several of his comrades was solved 
the next day when they discovered Archimedes' principle, which 
was then formulated in a more suitable way from the point of 
view of physics, by means of experiments planned and executed 
by them. 



ISO 



Tor: The wight of the object is equal to the might of 
the displaced water. 

We should note that Tor's "theory" according to Figure 9 is a 
step in a refined process that can lead to the introduction of 
an areometer, a density meter for fluids. When do the students 
use their own spontaneously constructed conceptions of 
measuring instruments in the instruction ? 

The didactic problem which Tor and his teacher helped us to 
formulate has been given to several classes at the senior level 
of the compulsory school, grades 7 and 8. Here is a similar 
extract from a recording made in grade 7 at the beginning of 
the spring term after the concept of density had been introduced. 




figure 1ft Breaker filled with water and floating wooden bloek 

Teacher t ... You are to estimate how much of it sinks ? 
Rolf t About three fourth. 

Ts Three fourth, yes. Three fourth below the surface 

of the water, one fourth above. Is there anyone who 
can say what the density of the wood is, then ? 
What is the density of the piece of wood ? This 
contains ordinary water now (the breaker). 

ftolft 1.2S. 



T: Row did you reason ? 

Rolf: I reasoned, but I reasoned incorrectly. But 2 reasoned 

that the water had 1 g per em 3 in density, so the wood 

had 1/4, well, I should say less* 
T: Hm. The wood had 1/4 less, you said* What would it 

have been then ? 
Rolf: 0.75 g. (N.B. He does not say g per cm 3 *) 
T: 0.75. What would have happened if the piece of wood 

had had a density of 1.25 ? 
Bot it would have sunk. 

We have interpreted Rolf's thought form symbolically as follows 
with the analysis Instrument based on the students' proportion 
and proportionality way of reasoning. (See figure 11.) 




I « (ptr 



(B2 form) 



• tour MrfM* 



figure 1 1 1 Interpretation of Rolf's conception 



It is probable that Rolf means the weight of a certain volume 
chosen for the purpose, namely, 1 cm 3 , when he says "1 g per 
cm 3t density. He has quantified with the B2 form. We note 
that he still understands the concept of density in a B form 
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and evidently not in an A form as his first statement could 
have been interpreted from the perspective of physics 0 . 



Which concept of density do the students take with them to the 
upper secondary school ? Surely, density is expressed in A1 
form p • y afc the senior level ? This is certainly the case, 
but as our recordings from the senior level show, the concept 
is given a meaning mainly in the B form. 

o 

It is very interesting to note that the results based on Tor's 
problem are possible to recapitulate for much younger students. 

After a teacher has introduced the concept of density in A1 
form in a class, grade 7, at the senior level of the compulsory 
school, the teacher and the pupils jointly solve a couple of 
density problems. In a concrete example, the mass was 200 g 
and the volume 20 cm 3 and in another 70 g and 10 cm 3 respec- 
tively. One pupil thought that 200 should be divided by 20. 
At this point, we join the conservations 



S: It's per cm 



Tt 



Yes, I'll work out how large the 
mass is for each cm . 
What is the mass of 1 cm 3 in the 
first case, then, with this object ? 



(200 
10. 



g and 200 cm 4 respectively. 



Tt Yes, it will be 10 g per cm 



(Invitation to 
A1 form ?) 
(B form for the 
density.) 



(The B form does 
not require the 
implied unit to 
be stated.) 
(The pupil's B 
form is met by 
an A form from 
the teacher ?) 
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Si 



as I usually express it. 
Each cm 3 has a mass of 10 g. 



What comparison figure do we 
get over there ? 
(70 g and 10 cm 3 respectively.) 
7 g per. • • 



Ti 



It get 7 g. 

the other object weighed 7 g 
for every cm 3 . 



(The techer ex- 
plains in the 
B form.) 



(The unit cm dis- 
appears from the 
'denominator 1 since 
1 cm 3 is implicit 
in the B form.) 
(The B form is 
established.) 



Xn order to avoid any misunderstanding, we would like to men- 
tion that the B form is naturally not an incorrect thought form* 
Xn fact, it has been used as a form of Knowledge in physics. 
The problem is rather that this qualitative conception is not 
as fruitful as the A form has shown to be in modem physics. 
The teacher is quite correct whan he uses B forms for the con- 
cept of density, and "for every" is a correct model to use. 
But one should not leave it at that in the belief that it 
provides an understanding of the concept in the A1 form. In 
such a case, the pupil will be faced with a blind alley with 
regard to concept formation. (tfe wish to note the discussion 
^ Arons (1976).) *• invite the reader to make his/her own 
interpretation of this dialogue below which has been taken from 
* context that cannot be given full justice here. The teacher 
concludes the section with the following words i 



T: 



Now we have arrived at the point where 
we shall compare equal amounts. And I 
have also 'developed 1 it so that we 
have obtained a measure here of what 



(The approp- 
riate volumes 
•for every" .) 



T: the mass of 1 cm is. And it is the 
comparison figure * We usually call it 
density, which is what so many of us 
here have been talking about. 

When the teacher says 'equal amounts' he means quite simply 
equally large volumes, i. e. , the appropriate chosen volume in 
comparisons between different matters. The expression can give 
rise to discussions on the interaction between chemistry and 
physics teachers. The measurement obtained in the form of a 
comparison figure (note figure) is the density in the 8 form, 
namely, 'what the mass of 1 cm 3 is'. The teacher has built up 
a teaching method strategy without knowing about the A and B 
rorme. His great experience has shown him that pupils acquire 
a certain lasting understanding of the concept of density if 
B forms are used. From the teacher's perspective, his teaching 
functions satisfactorily. During laboratory lessons when the 
teacher walks about talking to groups of pupils , he explains 
his didactic conception to some of the pupils without having 
the observer's knowledge at the time of the experiment itself. 
We reproduce the following: 

Tt Yes, I would probably want to have the last one. Volume 
divided by mass; if you learn it by heart, you may quite 
simply not be able to remember it after a couple of months 
- was it volume divided by masc, or - mass divided by 
volume. What is important is that you learn to understand 
it all. What do we mean by saying that we want to find 
out about density ? Well, density is, to extract a small 
volume unit of 1 cm 3 and tnen one can obtain its mass, 
that is, 1 gram. 

If you understand this, you know that you must always 
divide bg the volume , that's the point, the point is to 
come down to one cubic centimetre (1 cm 3 ) and see what it 
weighs ? 
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Sx What you get, then, it the density, isn't it ? 

T: Yes, it's the comparison figure between the different 

types of natter* 
St Then for us the density was 3. (Note, that the pupil does 

not use a unit, which is implicitly understood using the 

B form of density*) 

We have attempted to illustrate by means of the examples given 
above the learning and teaching phenomena from actual teaching 
where the student, the teacher and the student - teacher inter- 
action has shown the phenomenon of the students' concept forma- 
tion* The examples refer to the levels X and IX in the model 
of the subject didactic problem areas in the next section. 



Model of subject didactic problem areas 



Xb 




IX 



Xa 



Figure 12 : Model of subject didactic problem areas. 

C stands for conceptions at different levels and can be 
divided Into one part for the student (C Q ) and another part 
for the teacher (CJ at each level. 3 

— t stands for a dialogue and tc:« for a 
developed dialogue be tw ee n teacher and student. 

»» » denotes relationships between the different 
parts of the conceptions. 
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Using only a few concepts, the model tries to illustrate a 
simple and intelligible division of the cognitive world which, 
in our research, applies in everyday physics, "school physics" 
and physics (and in a similar way for other subjects such as 
mathematics, chemistry, biology as well as for other subjects, 
e. g. history). In our case, students' conceptions (C g ) of 
density, proportionality, speed, resistance, function, concen- 
tration, amount of substance, etc. at level la are studied.' In 
a dialogue, the students here encounter the teacher's conceptions 
(Cp) of the same concepts. At level lb, we have the students' 

(Cg) and the teachers' (C T ) conceptions of concepts such as 
hypothesis, instrument, problem, data, experiment, etc. At this 
level, the. students plan and criticize the ideas they produce. 
The lev.els la and lb, which are subdivisions of level I, corre- 
sponds to the teaching content in accordance with the goals 
laid down in curricula and syllibi, namely information and know- 
ledge of central concepts and of the procedures used in physics 
or chemistry. Level lb can be said to reflect the teaching 
process. 

Both ^teachers and students reflect on the content of the teaching 
at levels la and lb. Those reflections belong to the model's • 

level II. Here, we find the teachers' (C^) and the students' 

(S s ) knowledge, knowing and opinions of teaching, learning and 
manners of working as well as traces of their views on knowledge 
that are developing. At level II, we also have concepts such as 
motivation and interest. In my opinion, the dialogue at level II 
is not- as well developed as it is at level la and lb. It is at 
level lb that knowing of the manner of working is developed. 

It is at level II in the model that the teachers' and the students' 
subject-teaching method conceptions of teaching, learning and 
knowledge are reflected* It is knowledge of this problem area 
at level II and its relationships to levels la and lb as well as 
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the relationship between Xa and Xb that is central to the 
teacher training. 

The model makes explicit the need to map the process of reflec- 
tion on level XX employed by teachers, trainee teachers and 
school of education lecturers in teaching methods* Xn our 
opinion, Knowledge of such conceptions constitutes central 
parts of the scientific content that should be included as part 
of the basis of teacher training* it is the knowing and experi- 
ences at level II # which are related to the other levels:, that 
should be refined into knowledge and, indeed, should be made 
more disciplined in Sweden. 

The compulsory school teacher in the previous section expressed 
thoughts belonging to level II in the model. Lybeck, Strftmdahl 
and Tullberg (198S) have presented a chemistry didactic study of 
N-atudents* conceptions of the quantity amount of substance and 
its Sl-unit 1 mol. We have also interviewed trainee teachers, 
teachers, school of education lecturers in teaching methods and 
authors of textbooks and presented them with the same task as 
posed to the N-students. During these interviews we asked ques- 
tions about subject method and subject didactic conceptions of 
teaching the above-mentioned quantity* There is a student • 
teacher relationship between trainee teacher and lecturer in 
teaching methods. Similarly, we can, as in Figure 12, use a 
model with the aim of studying chemistry didactic problem areas 
in teacher training* If the model in figure 12 can be described 
as concerning "thoughts about students' thoughts - , then it 
should be possible to describe the latter model as concerning 
'thoughts about thoughts about students' thoughts" • Knowledge 
of the last-mentioned "thoughts* is also a part of subject 
didactics and forms the basis of what lecturers in teaching 
methods should be proficient at. A lecturer in teaching methods 
must have other knowledge and skills, apart from being a good 
school-teacher. • 
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The curricula's goals express a holistic view of the students' 
Intellectual and social development. Our contribute \ In the 
form of the levels la, Xb and XX should be expander y the 
addition of an Integrating level XXX In our model. In the 
preparatory work on the curricula and syllabi, goals for 
teaching and learning are laid down; these are value state- 
ments that can not always be scientifically proved. Subject 
didactic studies of the type we have carried out can contribute • 
with results that may lead to alternations and more precise 
definitions or new goals for teaching as a result of. 

our being able to show empirically that certain goals, not 
made explicit previously, can be attained. 

One aspect X would like to mention as regards the development 
of subject didactics as a discipline, since It is still In Its 
Infancy, Is that one chooses strategically suitable research 
problems . Xn our research, we have chosen the concept of pro- 
portionality which Is vertically Integrating through the grades 
from compulsory school to upper secondary school In mathematics* 
The concept of proportionality is also horizontally Integrating 
over several subjects, e. g. In the first year at upper 
secondary school, as exemplified above. 

At the Integrating level XXX In our model of subject didactic 
problem areas, subject didactic studies can be carried out 
related to general didactics and education. 

Our research approach has also been widened to studies of research 
training In biology and physics (Lybeck, 1984). The main object 
of this study Is the Interplay between the post-graduate student 
and his supervisor and their Interaction with the body of know- 
ledge actualized by the student's scientific problems In the 
work with the thesis. 
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Concluding remarks 



X have given several criteria of our knowledge production in 
Hath and Science Education, This knowledge production is based 
on students 1 conceptions but is also compatible with the 
knowledge and knowledge production in the individual disciplines. 
What we today describe as a thought form or a conception of a 
phenomenon , a principle or a concept was once regarded as forms 
of knowledge in the respective disciplines. 

There is a tendency to emphasize how the students comprehend the 
world around them as a basis of teaching and learning. X agree 
with this emphasis, but it is not enough. The descriptions ob- 
tained of students 1 conceptions should, in my view, satisfy 
other criteria than those related to concepts such as validity 
and reliability in the field of educational psychological 
research. X have stressed strongly the criteria of relevance 
related to several aspects in our subject didactic knowledge 
production. 

Persons who are both familiar with the disciplines and teach the 
subject have participated in our research. An example of this 
is the study involving chemistry teachers as subjects and as 
members of the research team (Lybeck, StrOmdahl and Tullberg, 
1985) which was presented at this conference. The procedures 
we have worked out may be of interest in Research and Develop* 
ment Work and in-service training as well as in local develop- 
ment works within the school system. 
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Notes 



1. 



2. 



INOM is short for the Swedish name, and can be translated 
as 'Learning and Conceptions of the World Around US'. 

BMN i short for the Swedish name, and can be translated as 
'Concept Formation in Mathematics and the Natural Sciences' 
The BMN project was carried out during the fiscal years 
1975-79. It was succeeded by the FMN project (The Concept 
of Function in Mathematics and the Natural Sciences - the 
Integrated upper secondary school), fiscal years 1979-82. 
This paper has been written within the TENAB-GY project 
(The Theme project on Natural Science Concept Formation 
in Child and Adult Education - the integrated upper 
secondary school), fiscal years '1982-87. The three 
projects were and is sponsored by the National Swedish 
Board of Education. 
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STUDENTS' CONCEPTIONS OP AMOUNT OP SUBSTANCE AND ITS 
SI UNIT 1 MOL - A SUBJECT DIDACTIC STUDY 



Leif Lybeck, Helge StrGmdahl, and Aina Tulluerg 
Department of Education and Educational Research, 
University of Gothenburg, P 0 Box 1010, 

S-431 26 Mttlndal, Sweden Tel: ♦ 46 31 67 94 58 



This study consists of (1) an empirical study of upper inte- 
grated secondary school students' - studying natural 
science line (N line) - conceptions of the quantity amount of 
*ub*tanoo and its SI unit 1 mol (Swedish standard SIS 016132, 
1976, SIS 016174, 1976, SIS handbook 103, 1972), (2) a schematic 
overview of how the quantity is dealt with in Swedish educa- 
tional materials in chemistry at the upper integrated secondary 
school level, (3) a description of 81, and (4) a study of the 
historical development of the "mole concept" and some related 
quantities. Finally, as a result of our didactic study, we 
have elaborated (5) an alternative presentation of the quantity 
amount of oubttano*. This presentation is different from the 
comparable presentations which are to be found in current text- 
books and chemistry didactic and educational literature. Our 
presentation is a conceptually more clear-cut and simplified 
•xplanation of the quantity amount of •ubttanet, and relates 
amount of $ub$tano$ to other relevant quantities in chemistry 
and physics. This it achieved with the simple arithmetic, 
algebra and functional theory which are taught in mathematics 
at the upper secondary school level and during the first year 
at that level. 

Two science didactic interests contributed to the realisation 
of this research task at the Department of Education at the 
University of Gothenburg. One of these interests concerned a 
relevance problem that arises in practice. The amount of 
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substance with the bast anit 1 raol is a vary central part of 
the chemistry course* Teachers need to know the students' 
thought structures in connection with this quantity and related 
quantities* It is possible that the students would profit more 
from teaching based on their own thought forms . 

The second interest was prompted by science didactic reasons* 
We had previously chosen strategic probl*m$ in the teaching of 
physics and mathematics with the intention of developing science 
didactic research in the natural sciences and matamatics, i. e* 
by means of studies of students 1 oono$ption$ of proportionality 
and density (Lybeck, 1981a)* Nearly 100 years ago, the mathema- 
tician and mathematics professor Felix Klein urged that the 
concept function be introduced as an integral concept in mathe- 
matics and school mathematics* The quantity amount of substance 
has a similar role today in chemistry, particularly in physical 
chemistry* Zt is, however, a fact that educational materials 
mostly do not treat amount of substance as an integral quantity* 

Amount of substance is a fairly new quantity and many teachers 
have not come across it in its present meaning in their training 
and in-service training. 

In the light of this and empirical results already arrived at, it 
was thus a natural strategic choice to carry out a chemistry 
didactic study of the quantity amount of substance and its SZ 
unit 1 mol with the aim of widening the scope or our research. 

Another reason, compatible with the second interest, was that we 
felt that a study of amount of subst&nce involves such central 
concepts in chemistry that our results might well be able to help 
stimulate a chemistry didactic and chemistry teaching method 
debate which, in turn, might provide reasons for developing 
chemistry didactic research. This type of research is practi- 
cally nonexistent in Sweden. 



165 



Some chemistry didactic studies o* the "mole concept" 

Dierks (1981) has made a summary of the knowledge in this field 
and a bibliography that cover the period from the beginning of 
the 1950's to 1980 and deal with what has been written about 
the "mole problem" in chemistry didactic, chemistry method and 
chemistry pedagogical literature in both English and German. 
Dierks (1981) gives examples of conceptual muddiness in the use 
of the "mole concept" and has found the following three meanings 
of the word mole used before 1957: 

1. "Mole" is used in the sense of an individual unit of mass. 
(The words gram-molecule, gram-atom and gram-formula are 
used synonomously.) 

2. "Mole" is used in the sense of portion of substance. 

3. "Mole" is used in the sense of number (Avogadro's number), 
(p. 149-150) 

Teaching can become very difficult if one does nut distinguish 
between the concrete, i. e. the object or body, and the abstract 
which expresses a property of the object (see point 2 above). 
In order to attain conceptual clarity, the chemistry didactic 
researcher Johann Weninger (1959) has proposed the word portion 
of $ub$tano$ (Stoff portion) as a suitable term to use when 
referring to the concrete. Stoffportion is accepted in count- 
ries where German is spoken (it is said to have been used earlier 
by many Swedish chemistry teachers (stoffportion or amnesportion 
in Swedish)). Tho teacher can say, for instance, that he has a 
portion of substance of sulphur which has the properties amount 
of substance (n) , mass (m) , volume (7), and number (19). 

We have, like Dierks (1981), found that few pedagogical studies 
have been made of how ■mole" is learnt and how it is taught. 
The majority of the studies concerning learning difficulties and 
the application of the "mole concept" have been examined by 
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meant of stoichiometric calculations carried out by students 
(Johnstone, Morrison and Sharp, 1971, Duncan and Johnstone, 
1973, Hankinson, Hudson and Sanger, 1977, Lasonby, Morris and 
Haddington, 1982, 1984). These studies deal almost exlusively 
with the connection between chemical formulae and statements 
given in terms of mathematical relationships or algorithms. 
Shayer (Ingle and Shayer, 1971, Shayer and Adey, 1981) bases 
his theoretical analysis on Piaget's theories of intellectual 
development Ithe stage theory). Gower, Daniels and Lloyd (1*977 
a,b) base their analyses on Gagne's network. These studies 
have their starting-point in special learning theories and give 
examples of difficulties encountered by students when they solve 
problems. However, the students can use other strategies that 
are not consistent with this type of learning theory. As in the 
case of Shayer, Herron (197S) uses Piaget's theories as the 
starting-point for the studies he reports. He provides us with 
information on the underlying causes. Cervellati, Montuschi, 
Perugini, Griraellini-Toraaeini and Pecori Balandi (1982) have 
analysed 13 Italian textbooks in chemistry. With this analysis 
as a starting-point, they have used multiple choise questions 
to investigate the frequency of mistakes and misconceptions of 
the "mole concept" among student who have chosen different study 
paths. This study is more an evaluation of the teaching than a 
study of how students comprehend the "mole concept". 

One task of our empirical study was based on the work of Novik 
and Menis (1976). They interviewed a group of 29 pupils about 
their understanding of the "mole concept". The interviews were 
carried out after a group of 15-year olds had been taught about 
quantitative aspects of chemistry in a section called "Mass- 
Volume Relationships", where, among other things, gases are 
discussed. In the preliminary studies, a multiple choise test 
related to the above-mentioned section was given to 150 pupils 
and an analysis was made of the concepts and skills required to 
solve typical elementary stoichiometric problems (the analysis 



was a hierarchic, Gagne type analysis) . The interview question! 
were tested in a pilot study with five pupils. The questions 
were written on separate cards. Each card was given to the stu< 
dent after the interviewer had read and explained the question. 
When a pupil showed signs of not having understood a subquestioi 
it was repeated by the interviewer until he was reasonably 
"satisfied" that the pupil had understood the question. The 
pupils' answers were taped for subsequent analysis. Suitable 
measuring instruments (a common balance and a graduated measu- 
ring glass) and a container were available if the pupil wanted 
to use them. Of particular interest is the fact that the inter 
viewer apparently did not follow up the pupils* answers with 
additional questions. In their analysis of the pupils' answers 
Novik and Menis (1976) looked for misconceptions: 

1. "Pupils who chose equal volumes as criterion for equal 
numbers of particles... probably do so because the text 
emphasises that equal volumes of gases are a measure of 
equal numbers of particles." 

2. ".. pupils explicitily stated that equal numbers of 
particles can be measured only in gases". 

3. "Some pupils... do not see the molar mass as measuring a 
fixed number of particles". 

4. •It is readly apparent that very few pupils in the sample 
view the mole as a counting unit". 

5. "..it would seem that mole calculations based on mass 
measurements obscure the more... abstract meaning of 
the mole". 

6. ".. phonetic similarity between mole, molecule, molecular 
(weight) , molar (mass) is an additional source of diffi- 
culty", (p. 721) 




THE STUDENTS , INTERVIEW TASK AND INTERVIEW METHOD 



We interviewed 30 students studying natural science (N-line) at 
the upper integrated secondary school level about their concep- 
tions of the quantity amount of Bubstano* and its SI unit 
1 mol. The students were distributed as follows: 

6 students from the first grader N line, 16-17 year olds,'. 

(grade 10) 

12 students from the second grader N line, 17-18 year oldsr 

(grade 11) 

12 students from the third grader N line, 18-19 year oldSr 

(grade 12) 

The interviews were carried out at an upper secondary school with 
several parallel N line classes. A teacher at fche school helped 
us with the students. He gave the students written information 
from us. We told them that we wanted to pose some questions 
about the teaching of chemistry. They would answer the questions 
in an individual , taped, interview with each student. We empha- 
sized that it was just their answers that were important. They 
were also told that the answers they gave at the interview would 
be kept private. The teacher would not be told what had been 
said in order to avoid any effect on their marks. The students 
were informed that We would decide by lot who would be inter- 
viewed. We asked them not to say anything to their schoolmates 
until all the interviews had been completed , after which they 
would be released from their promise not to talk. The students 
were reminded of their promise during the interviews* As far as 
we could seer they behaved very responsibly. 

The students in the different grades were given a number r chosen 
according to the order in which their names were listed in the 
school catalogue. Slips of paper with these numbers written on 
them were placed in a box, and a person independent of us drew 
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the lots, so that the desired distribution of students was 
achieved* An exception was made, however, in the case of the 
school's best student as the teacher felt that we ought to inter- 
view him (a student in the third grade). 

The interviews, which contained more tasks than ve shall present 
here, did not have a time limit* The students themselves were 
allowed to decide whether they were satisfied with their answers 
and were permitted to return to questions asked of them earlier* 
The interviewer told each student that it was just his/her way 
of thinking about the task that interested us. 

The tasks were designed in such a way that the students would 
be forced to use qualitative reasoning in order to arrive at a 
solution. We designed the tasks to permit a large degree of 
flexibility. Our goal was to reach the students' "deep" thoughts 
and conceptions of mole and amount of substanco. The tasks were 
designed during pilot studies involving ten students at two 
other upper secondary schools. 

We were primarily interested in the qualitative differences in 
the students way of comprehension of the quantity in question. 
This is one reason why the students were selected from all three 
grades. We knew that the students were having difficulties with 
the "mole concept" and hoped to be able to shed more light on 
where the conceptual difficulties lay, if the students had 
studied chemistry for different space of time. 

The interviews were carried out in part at the end of April and 
completed in June, 1982. Prior to the interviews, the 2nd grade 
students had sat for the standardised national test in chemistry. 
The subject area had already been taught in the 1st grade during 
the autumn term which meant that the youngest students had had a 
reasonable amount of time to think about the subject content. 
The 3rd grade students had had the opportunity to improve their 
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knowledge and at the sane time they had acquired a perspective 
on the lubject matter. 

After a few preliminary questions on the subject of chemistry 
and the students' interest in natural science and mathematics , 
the students were given the task which was later to become the 
object of detailed analysis. Figure 1 shows the test configu- 
ration used' for th» "mole" question. The cylinders were marked 
la, Zb, Ic, ... t ZZZc. 



Group Z 



Group ZZ 



Group ZZZ 



(0) 



(b) 



(c) 



(a) 



(b) 



(O 



(a) 



(b) 



(c) 



(a) g| Tin 

(b) [HI Aluminium 

(c) P"1 Sulphur 

Figure J ; Test configuration for the •mole 1 ' question 

The student sat directly in front of the test configuration and 
the interviewer sat to one side. The student being interviewed 
was first allowed to inspect the plexiglass cylinders and their 
contents. The students found it stimulating to be able to 
determine by themselves what elements the three cylinders con- 
tained. Before posing the main question the students got the 
confirmation that the elements were (a) tin, 
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(b) aluminium and (c) sulphur. The tin and aluminium were in 
granulate form while the sulphur was in powder form. The stu- 
dents were allowed to lift the cylinders and feel or smell their 
contents, which was what most of the students did spontaneously. 
In some cases, they were told that they were allowed to do this. 
An empty cylinder and a thin plastic mug were placed to one side 
of the tost configuration. The students were supplied with pen 
and paper. There were no other aids (such as a table of the 
periodic system or a balance) • 

The principle of the task is as follows: in group I, the amount 
of substance is constant (1 mol of each element), in group II, 
the volume is constant and in group III, the mass is constant. 

The task given to the students was formulated as follows: 

"Which group contains 1 mol of each element ?" 
(In most cases, we made the question clearer by adding that 
there was 1 mol of each element in either group I, or group II 
or group III.) 

The students were asked to explain their choise of group. We 
asked questions such cn "How did you think ?", "How did you 
reason ?", "How did you arrive at that answer ?", etc. During 
the interview, we followed up the students' answers in different 
ways in order to find out how they reasoned. The principle 
applied at the interview was to allow the student to present 
her/his own conceptions whenever possible. The interviewer 
used only such concepts and terms as had been introduced by the 
students themselves. If the students so wished, they were told 
the numerical values of the "atomic weights" or molar masses 
(119, 27, and 32 for tin, aluminium and sulphur respectively). 
Note that the interviewer did not specify the unit. 



If they wished, the students were allowed to asses the weight 



of tht groupi by holding them, and when they had reached a con- 
clusion, the interviewer said either . yea or no to the experimen- 
tal outcome, i. e. here/hia yes or no did not apply to the stu- 
dents 1 own theories. A balance placed to one side of the teat 
configuration would certainly have had a limiting effect on the 
variation in the students 1 answers* During the pilot interviews, 
we discovered that access to a balance was not necessary. If the 
students had had a balance, the task would have been different 
and the aim of our study would have been distorted. 

When the task had been completed, the question was asked t 
■When I say (the word) mole, what do you think of ?" 

At the end of the interview, we asked t 

"Have you discovered something you hadn't thought of before ?" 

These question* led partly to reflections on the task and how it 
had been solved and partly on chemistry teaching. The students 
were also given the opportunity to give their own opinions. 
Some of the students did not want to be told the correct answer. 
They wanted to spend more time thinking about the task and de- 
cide themselves which answer was correct. The students were 
giver, the correct answer if they asked for it. 

This task was also presented to upper secondary school chemistry 
teachers and other chemistry teachers at teachers 1 seminars. 
These teachers' seminars were also recorded on tape. The 
teachers felt that the task was relevant and that it had been 
given at a suitable point in time. 

One possible answer might have beens "I cannot answer the ques- 
tion because X don't have a balance and nor do X know what the 
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molar mass is." The question could have been answered by 
reasoning as follows i We have 1 mol in the group where the 
mass of each element corresponds with the element's molar mao$. 
Since the molar maa$ of each element is different , one can 
rule out the group were the masses are the same (by lifting the 
cylinders in order to compare their weights) . Since their bulk 
density is different, it would be a pure coincidence if 1 mol 
of each element were to have the same volume (? m • £) . Conse- 
quently, the group where the volumes appear to be similar 
should be ruled out. We are then left with group I which con- 
tains 1 mol. 

We have found that, the visual perception (of volume) often 
"obscures" the relevant parameter of matt. Also the acquired 
approach consisting of the assumption that number is equal to 
amount of substance can "obscures" the relevant variable of 
matt. 

Xt is, of course, doubtful whether density aspects should be 
applied to pulverised substances. Density is given only for 
well-defined states (the pressure is constant, the temperature 
is constant, a given crystal structure, etc). Density can help 
us to calculate approximate masses from estimated volumes. 
This method does, however, have a number of drawbacks. 

The interview method 

We have already touched on aspects of the interview method and 
would now like to comment on this important part of our 
research methodology. The content-oriented educational 
research programme in which we are involved has been described 
by Marten (1981) and the approach to subject education in the 
natural sciences and mathematics has been described by tybeck 
(1981a). Our interview method can be compared with the 

..i*f* . 



clinical interview method firit used by Jean Piaget in the 
1920*1. However, Pinget'a clinical interview method! have 



learch paradigm thu -..^ree unreservedly with their 

conditions. The theories are general and show a clear tendence 
to diitance themielvei from the content or phenomenon they are 
designed to explain. We have given empirical evidence in the 
caae of atudenti 9 conception! of proportionality that doea not 
agree with parta of Piaget'a theoriea (Lybeck, 1981a, 1985a, b) . 

The interview can not be regarded aa being separate from the 
interviewer since she/he ia part of the data formation ayatam. 
The interviewer can be 'seen aa a meaaurinq Instrument equipped 
with a meaaurement theory . In our approach, expert knowledge 
of the subject ia a prerequisite for carrying out the inter- 
view. Aa a result of her/his studies and knowledge of the 
subject, the interviewer is able to understand the conceptual 
relations brought up by the subject. The data formation re- 
ferred to here conaists of obtaining answers from the subjects 
in order to shed light on their thought processes. We see the 
oonotptiom of and thought fo*m$ expressed by the subjects as 
forming a relation between the subject and the phenomenon, the 
principle or concept of which, at a certain point in time and 
in a certain situation, is th# object of the subject's atten- 
tion (Lybeck, 1981a). In subject didactic and subject method 
research, having taught the subject content dealt with in the 
interview ia naturally an advantage, familiarity with subject 
content and the school subject is thus a necessary prerequisite* 
although not sufficient. This familiarity is part of the 
interviewer's V"'" ! " maent theory used during the interview. This 
theory is obviously imperfect and is to some extent a source 
of error during the gathering of data, but during the time the 
data la being gathered, processed and analyaed, the instrument 
theory is articulated and improved. The sources of error can 
be eliminated and criteria drawn up for the data formation 



become so influem 



~'*n developed within his re- 
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process (Lybeck, 1981a, b, 1985a, b). The instrument theory is 
part of a measurement theory used in the interview method. 
Other types of error can be taken into account by using this 
measurement theor* The interviewer can influence the sub- 
ject to such an extent that the xatter's spontaneous thou^*^ 
processes are not articulated or the interviewer may adopt a 
Socratic attitude and risk taking on the role of teacher. 

The interview is flexible and the student's answers are fol- 
lowed up. Zf this is not possible, the interviewer returns to 
a previous stage of the dialogue and leads the student back to 
the phenomenon on which she/he has been asked to express her/ 
himself. The interview starts with a general question and then 
focuses on more specific questions. The latter questions can 
serve the purpose of testing hypotheses based on earlier 
results. Xn-depth answers should be elicited when ever possible. 
The subject should be given every opportunity to concentrate on 
the task and should not be disturbed by irrelevant factors that 
can break his concentration and interrupt a thought process that 
has just started. 

Our research methodology differs from the research methodology 
used by Novik and Men it (1976) . The mole task used by them in 
their interviews was in the form of a multiple choice question . 
This implies among other things that they couldn't follow up 
the students' answers. Puthermore, our analyses of the students' 
answers are clearly different from theirs, a fact that can be 
seen in our results. 
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Students' view of the Interview situation 



He latfftil cite 3om« #;J*pses from the interviews, when the 
students are quoted this way, we have given them code names 
so that we know which grade they were in* Code names beginning 
with A represent first grade students of the integrated upper 
secondary school level (grade 10), code names beginning with B 
represent second yiau stude*. , ude 11) , and code names be* 
ginning with B represent third gra^ j ^ . ■ (grada 12); all of 

them studying natural science line (N line). Attention must be 
paid to the fact that the excerpts from the interviews are trans- 
lated from Swedish to English. 



1% You were going to say something ? 

Sror: Usmu X thought it was nice, interesting. 
Especially about moles. It was something 
X hadn't thought of before. Xn the way we 
did it. 

It what do you mean ? 

Bror: No, you remember! It's like more calculate. 
My method was to calculate first, but that 
showed itself tu K a thinking in circles* 
Once you start on one idea, itfa hard to get 
off of it, and on to the other. So... 

It Has this interview given you anything ? 

Eva: It's forced me to think. That's not so usual. 

Bodil: X never wanted to realise that X hadn't understood 
something before, but X understand that now. you 
see how hard it is. You must try to start to 
understand in order to succeed. ... 
But in any event, it doesn't make any difference how 
much you study. You can't learn something without 
understanding it . ! 

X: Was it a difficult interview ? 
Elint No, X thought it was fun. 

Bttrjet X think it was right of you to simply ask which of 
the group had 1 mol of each element, and nothing 
else. Had you said more, it would have lead right 
to the answer.. 
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Brltt: But I think it was pretty good because you see 
about how much one mole can be. 

Bruno: It was entirely new. I've never tried in any way 
to compare* the weights and moles in such a way. 
What we've always studied has been more abstract, 
it hasn't been something we saw in front of our- 
selves. He aaw only what was written on paper. 
X wouldn't say it is wrong, because... in a way, 
it's easier to work with. it... 
Yes, I really think it has given me something. 
this thing with the test tubes. It's not something 
that has come up before. It doesn't have to do with 
the basic course, does it ? 



n Mo±£ m - students' points of viaw 

A few glimpses are cited from the interviews. 

It When I say "mole", what comes to mind ? 

Bert: 09b 1 

Anders: It's assumed to be very boring to calculate with 

moles* Very boring. 
X: Do you think you could understand fully if you 

calculated with x as you say, instead of talking 

about moles ? 

Anders: No, I suppose that moles are important for chemistry 
and that they are needed. Otherwise it wouldn't 
exist. And we'll be ccsin? to things in the future 
where it's necessary to have moles and therefore we 
mutt have them. . . 

Ann: And then you divide, and multiply, and then... 
Isn't that what you do ? 
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BSrje: Then I would say that partly... that 1 mol of 

an element of something decides how many particles. 
1 mol of an element stands for a definite number of 
particles of an element and also that... that mole, 
if you calculate with number of moles of an element , 
you get... a painless transition to... which you 
can easily use to figure out masses and weigh the 
element if you know the molecular weights. 

Axel: A mole represents a number. But at the same time, 
it* s a concept. But it's more a concept than a 
number. One could say they were equal , but I 
don't see it that way. 

Xi How do you use it ? 

Axel: X use it when I'm going to figure out how many... 

how large an amount of an element X have. How many 
moles and not exactly how many parts it is. 

Xi Do you think it's difficult to use moles ? 

Axel i No, X don't think it's especially difficult. It, 
it, it* s actually. X usually try to set it... 
to break it down into regular numbers. Or into 
1 mol and then X don't think about what it 
stands for in order to make things simpler. Xt's 
not that incredibly difficult, xt's a matter of 
understanding it, and not mixing it up with large 
numbers. X have tried not to do that. 

Erik: yes, otherwise a mole is... You associate it with 
If we picture the term •mole" as a bowl, in 
this bowl would be Avogadro's constant, and a 
little Math and a few "equal signs". 
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The outcome space of the N-llna students' conceptions of 
the quantity amount of substance and its SI unit 1 mol 

The interviews were transcribed and checked against the tapes 
the first time thsy were processed. The first time the 
students 1 answers were read through, we found a large number 
of statements that seemed to be difficult to categorize. 

We did not have an analysis Instrument as a starting-point 
where the answers could be fitted, but we wanted to find 
one structure which would be able to clearly and simply desc- 
ribe the students 1 thoughts as they appeared in their answers* 
Some of the students 1 statements initially caused us problems: 
•What does he mean, really ? , How is she thinking here ?■, 
and we read and discussed the interviews innumerable times. 

Xn order to be able to understand each interview, we first con- 
structed a type of tree diagram to enable us to follow the 
student's lines of thought* We later found that we were more 
interested in the students' holistic conceptions than the order 
in which the conceptions were expressed, A structure gradually 
emerged where the focus was on the amount of substance (n) , 
surrounded by the quantities mass (m) , volume (7) and number 
19). A simple diagram began to tahe shape* 

At the same time as we were processing the interviews, we also 
studied the relevant literature. All this took place in many 
stages, during lengthy discussions and a lot of individual 
thought over a long period of time (for practical reasons, it 
was not possible to complete the work in one single period). 
Looking back now # we feel that the pauses constituted a valu- 
able element of the qualitative analyst* *ork* (By this* we 
mean methodological questions which would be worthwhile dis- 
cussing in a different context.) We found it extraordinarily 
fruitful to be confronted with each other's views and criticism 
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during the time we were analysing the interviews. 

The outcome space gradually became more detailed as more and 
more statements by the students were analysed. Here, we wish 
to emphasize that it is the students' conceptions emerging from 
their answers that have determined the form of the outcome space. 
All relations in the outcome space are supported by the students' 
statements. (A complete presentation of the individual interviews 
will be published in a technical report by Lybecfc, Str&mdahl and 
Tullberg (1985). Thus, it will be possible to scrutinize our 
empirical results, and indeed, we invite interested parties to 
be our co-judges) . 

Figure 2 (see next page) shows the outcome space of the N-line 
students' conceptions of the quantity amount of substance and 
its SI unit 1 mol. 

t 

In our analyses of the students' answers, we have tried to de- 
scribe the strategies they used to arrive at a solution. The 
main features are that the students thematlze the task from a 
continuous perspective (C) or from a discontinuous perspective 
(D) . One group of students pursued a continuity-type line of 
reasoning with the help of continuous quantities such as mass, 
volume and density, while another group pursued a discontinuity- 
type line of reasoning with the help of the quantity number. 
These lines of reasoning were more or less well-developed, but 
their emphasis was always either on the continuous (C) or the 
discontinuous (0) . A third group of students coordinated both 
the continous and the diacontinous aspects of the problem in 
their line of reasoning (CAD) . (Chemists do observations at a 
macroscopic level, but they explain phenomena observed at a 
microscopic level, i. e. in terms of atoms. The macroscopic 
observations correspond to a continuous perspective of matter 
and the microscopic model of explanation corresponds to a' 
discontinuous perspective of matter.) 
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Figure 2: Outcome space of the natural science line students' 
(N-line) conceptions of the quantity amount of 
substance and its St unit 1 mol. The abbreviation 
ee, e. g. as in m(1*ee), is short for elementary 
entities (atoms etc) 
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We have classified the students' answers as discontinous (D) , 
continuous (C) and combined (C * D) . We are aware that this 
classification only applies to the students 1 answers to our 
questions concerning the task, and on this particular occasion. 
If the task had been formulated differently, or if the students 
had been asked to carry out other tasks, it is possible that 
other areas of the outcome space would have been u*ed by some of 
them. The point is that we have not classified individuals (as 
Shayer did with the help of Piaget's theories) but rather the 
thought content manifested in the students' answers as a 
relation between the student and the phenomenon she/he has . 
been thinking about. 

The students 1 answers reflected different conceptions of models 
of the matter. Answers which reflect continuous aspects 
concerned compaction, grain si2e, "space between (the grains)", 
etc* Answers which was a mirror of discontinuous aspects 
contain thoughts about the atoms' compaction and volume. 

Many of the students had problems in combining continuity with 
discontinuity, i. e. the real, visible worl with the 
explanation model (the atomic theory) . 

The outcome space has a well defined and closed form that em- 
braces all the students' answers* It also includes the rela- 
tions relevant to the posed problem which we later found in the 
literature we studied. The outcome space is also suitable for 
the chronological registration of the students' thoughts (num- 
bering the student quotations is all that is necessary) . We 
would like to point out that our outcome space provides a com- 
prehensive description of the students' conceptions of "mole". 
Puthermore, the outcome space is relevant from a subject theory 
viewpoint as well as from the point of view of history of 
science, a. g. the bottom left segment (see Figure 2), that 
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describes Oatwald^s original "mole" concept (Ostwald, 1889; 
see below pp. 60 - 63). The bottom left segment represents the 
continuous line of reasoning (C) according to Ostwald 1 s view. 
The bottom right segment represents the discontinuous line of 
reasoning (D) according to a later development of the "mole 
concept". 

Parts of our outcome space are also found in chemistry didactic 
literature where they are mostly of an algorithmic character and 
are intended as instruments and ready-reckoners used to facili- 
tate chemical calculation (Head, 1968, Heup, 1975, Friedman, 1976, 
Slade, 1976, Kolb, 1978, Nilsson, Waern and WendelBv, 1978, 
Tullberg and Egneus, 1978). In our outcome space, they are 
placed in a more comprehensive theoretical context. 

The outcome space is a result of bur research (Marton, 1981, 
Lybeck, 1981a, 1985a, b) . In addition to the requirements of 
validity and reliability, the outcome space also satisfies 
other criteria in subject didactic research (Lybeck, 1981a, 
1985a, b) as has been indicated above. What is most important 
is whether the outcome space is relevant in the chemistry 
didactic acquisition of knowledge* 

In Table 1, we have presented the students* final choice of 
group as well as their problem solving strategy - either 
continous (C) , discontinuous (0) or combined (CAD) . 




Summary of arguments given by N-line student* regarding 
their choice of group 

The N-line students' final choice of group is shown in Table 1 . 



Table 1 ; N-line students' final choice of group 



Final Subjects 
choice 



Group I Anders Arne Berit Bertil Bodil 
(C) (C) (D) (C) (C) 

Bos 8* Bror Bruno B8rje Egon Emil 
(CAD) (C) (C) (CAD) (CAD) (CAD) 

Erik Ernst Bskil 
(c) (CAD) (CAD) 

(Bodil, Bror and Erik chose group III, 
but changed their choice.) 



Group XI Adam Alf Axel Bjflrn Britt Evert 
(CAD) (CAD) (CAD) (C) (D) 



Group XXI Ann Barbro Bengt Bert El in Emma 

(C) (CAD) (CAD) (D) (C) (D) 

Enok Eva 
(C) (C) 



No group Elsa (excluded group XX, but could not 
(D) choose group) 



C ■ continuity-type line of reasoning 
D ■ discontinuity-type line of reasoning 



In Tables 2, 3 and 4* the most important argumentations and 
reasons for choice of group are presented. 
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TableJ: ARGUMENTATION FOR CHOICE OP GROUP I 



Students: Anders , Arne, Berit, Bertil, Bodil y Bosse, 
Bror, Bruno, B3rje, Egon, Emil, Erik , Ernst, and 
Eskil (the underlined chose first group III, but changed 
their choice to group I) 

Reasons Students Citation 



Mass re la * 

tlonshlps 

are 

correct 

(Weighing 
by hand) 



Anders Berit: 

Arne 

Berit 

Bertll 

Bodll 

Bror 

Bruno (on 

the request 

of I (con* Bodll: 

firms the 

cholse)) 

Bttrje 

Egon 

Emll 

Erik 

Ernst 

Eskll 



Bror: 



Walt a minute, mass divi- 
ded by molar mass, must 
give the number of mole. 
If that quotient were 
constant In one of 
these sets, then that 
would mean that the one 
that has the largest 
molar mass must have the 
largest mass. 



(I: What Is your conclu- 
sion ?) That 1 mol of 
tin weighs much more than 
1 mol of aluminium. And 
you can compare this when 
you feel the weights. 



(It But you can give a 
reason for it anyway.) 
Yes. That's right. 
According to this reaso- 
ning, the weights seem to 
be correct, b and c weigh 
about the same, b is a 
bit lighter. And a much 
heavier (in group II). 



Erik: The first group is also 
pertinent here. Okay, 
now it's between group I 
and group II. 

I: Why are you eliminating 
group III ? 

Erik: Because in that group, 
the tin and aluminium 
weigh roughly the same. 
And tin should weigh 
three times as much, 
easily three times as 
much, almost four times 
as much. But I have a 
(cont. on next page) (age next page) 
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Table 2 (cont.) : ARGUMENTATION FOR CHOICE OP GROUP I 



Reason* Students Citation 



Mass rela - 
tionships 
are 

correct 

(Weighing 
by hand) 



(See 
above) 



Erik: 



Arne: 



Arn«j 



feeling it's the first 
group actually. Because 
the sulfur weighs almost 
as much as the aluminiunv 
as it should. 



Mmm. a should be three 
times heavier than b... 
roughly. So you must 
feel them. (X: And they 
are not 7) The third... 
no, it's not 3 times 
heavier. 

Yes, that... It's more 
believable that it is. la, 
or rather group I. 



(cont. on next page) 



Ernst: That's for sure, tin is 
also the heaviest, there 
in group II, and as far 
as I can see even in 
group I. So one must 
decide between those 
two (group I and II). 
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Table 2 (cont.) : ARGUMENTATION FOR CHOICE OP GROUP I 



Reasons Students Citation 



BBrje: If we have that... that 
it contains tin, that it 
should weigh much more. 
But then it's a question 
of density, too. And 
then one would think 
that these, where there 
are equal amounts... 
(It In ZXa and XXb here?) 
Yes, Xia and XXb, that 
there's the sane number 
of moles anyway, because 
if one thinks that this one 
is more dense. . • Because 
aluminium has a low den- 
sity, because it's a 
light me tal» because the 
question is if it... the 
difference in density is 
such that it would be 
able to be that way any- 
way. But. • ♦ And then 
we have that rascal 
there also (XXc) . 



Erailt Exactly, and it can be 
. somewhat difficult to 
put it (volume) in rela- 
tion to the mass rela- 
tionships. (It Why ?) 
For example* a lot of 
air down here, while 
this sulfur, which is 
finally broken down, is 
more compact. But it 
should be about. Let's 
see, it was... It is 
for example improbable 
that there would be such 
a large difference in 
volume. 

It Do you mean like in the 
tubes Ilia and Illb ? 

Emllt Exactly* 
(cont* on next page) 



■ * .o 

yl&6 



The Arne 
velum. g««irM 
relations choice) 
are Bosse 
correct B6rje 

Bvalua- toU 
tlon of Ernst 

volume 
relation- 
ships • 



Table 2 (cont.): ARGUMENTATION FOR CHOICE OF GROUP 1 



Reasons 



Students 



Citation 



The 

volume 
relations 



(See 
above) 



Ernst: Then I can see that tin 



is a finer powder than 
aluminium. (I: Yes, it 
is a bit finer.) 
Then it should take up 
more space... More 
space than tin* One 
kilogram powder should 
be biggest (volume) . . . 
It should come 
at the end. Yes... 
Let me think. •• it 
should be group I, 
which is the most 
logical. 



are 

correct 



Evalua- 
tion of 
density 
gives 
volume 
relation- 
ships 



Bosse: (It Okay, how did you 
decide that ?) 
Aluminium comes first 
in the periodic chart 
(atomic number) , conse- 
quently it is lightest 
(it has tho lowest 
atomic number) , even if 
it doesn't need to be 
that way according to 
the density, but let's 
say that it is. It 
there is a little (volu- 
me) aluminium, then there 
can be many molecules 
or atoms in it (the ato- 
mic volume for aluminium 
is less than the atomic 
volume fttr tin) . 
ilt Okay, in lb, you 
mean.) But the atoms are 
a bit larger there be- 
cause it's tin. And 
then one would think 
that they would take up 
a little more space 
with the same number of 
mol(ecules) ... atoms. 



(eont. on next page) 



(see next page) 
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Table 2 (cont.) i ARGUMENTATION FOR CHOICE OP GROUP I 



Reason! Student! Citation 



(See (sae Bosse: (cont. from page ). 

above) above) The same with eulfur. 

It's... It haa a 
much lover density, 
beeauae it isn*t a 
metal and consequently 
there should be quite 
a lot, and there is. 



The 

volume 

relations 

are 

correct 
No 

evalua- 
tion of 
density 



Bertil . 
(the volume 
relations 
decide the 
choice, and 
the mass 
relations 
are correct 
in both 
group I 
and II) 



Bertil t The volume is less 
for the aluminium, 
in group I than it 
is in group II. And 
that seems possible. 
There is more sulfur 
in I than in II. So 
it will even out. 
So the margins will 
get larger. 



The masses Bruno 
are 

correct 

(Strictly 
speaking 
the mass 

of aluminium 
is correct) 



Brunot 27 grams... No, it*s 
probably more correct 
with this one (group 
I) when I reflect. 



Table 3 1 ARGUMENTATION FOR CHOICE OF GROUP II 



Students: Adam, Alf, Axel, Bjttrn, Britt, and Evert 



Reasons Students Citation 



The Alf Alf: 

volume Evert 
relations 
are 

correct 

The number 
of atoms 
is constant 



Constant Adam Adam: 

number of 

atoms and 

constant ' 

atomic 

volume i: 
causes 

constant Adam: 

molar 

volume 



(cont. on next page) 



Because it should be 

6 • 1 0 atoms per dm . No, 
now I am mixing things 
up. 



They should occupy about 
the same volume, If they 
were equally large (cons- 
tant atomic volume) • 

Is that what you're con- 
sidering now ? 

Yes, but these are cor- 
rect otherwise (group II) 
because they have... 
about the same volume. 



Evert: ... yes, it's group II, 
lla,b, and lie. 

I: And what is your basis for 
saying that ? 

Evert: There are equally many, 

what it is called, 'formu- 
la units'... We have 1 
mol and as said previous- 
ly, 1 mol is equal to the 
number of atoms. 
Avogadro's constant, if I 
remember correctly, it's 
exactly the same number 
of them (atoms in the 
tubes) . 
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Table 3 (cont.) t ARGUMENTATION FOR CHOICE OF GROUP II 



Reasons Students Citation 



BjOrn: so, it's the same amo- 
unt in that ease, but 
then it's a question if 
the atoms in themselves 
or' the molecules being 
larger than each other. 
Sulfur number 15. ... 
Right, then it's the 
same number of atoms, 
isn't it, but... the 
atoms get larger. 
... 

Hell, if the atoms are 
larger, then they take 
up more... No, never 
mind... more space, but 
it... No, it's probably 
group it, because there 
should be as much 
(volume) in each tube. 

It Do all the atoms of all 
the elements take up the 
same amount of space 7 

BjSrnr Yes... in principle.. c 
Yes, it's obvious, they 
get bigger... but it's 
• • • everything is so 
small, the atoms get 
bigger as you go up in 
the periodic table. 

(cont. on next page) 



The BjBrn 

volume 

relations 

are 

correct 

Constant 
number of 
atoms cau- 
ses constant 
molar 
volume in 
spite of 
varying 
atomic 
volume 
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Table 3 (cont.) g ARGUMENTATION FOR CHOICE OP GROUP II 



Reasons 



Students Citation 



Mass rela- 
tionships 
are 

correct 

The volume 
relations 
have decided 
the choice > 
mass rela- 
tionships 
confirm 
(Weighing 
by hand) 



Adam 
Britt 



Adam: They weigh the way they 
should anyway (in group 
XI). This one (XXa) 
weighs clearly more than 
that one (lib) . That 
one (XXc) weighs maybe a 
little less. It's hard 
to say. 

Britt: No. it must be group XX 
because it (tin) 
must also be larger than 
the other (aluminium) , , 
or it (tin) must be hea- 
vier than the other 
(aluminium) , otherwise 
it wouldn't be correct. 



The masses 
(absolute) 
are 

correct 

(Weighing 
by hand) 



Axel Axelx And so 1 mol of the 

element would weigh that 
muchf and it doesn't in 
that case. That's clear. 

I: So, it's group XXX, that 
you're eliminating... 
You're feeling XXb... 

Axelx Yes. 

Xx ... and XXc. 

Axelx XXc and it is pretty im- 
possible to discern how 
much they weigh. •• X 
estimate this weighs 
more than 119. 

Xx You mean XXa there. 

Axelx But on the other hand, 
there'* much lass in 
group 1 here. Because 
tin weighs more than 
aluminium and there's a 
greater quantity of tin 
here... then I'd elimi- 
nate that group too. 
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Observe that there are reasons for choosing group II other than 
evaluation of constant atomic volume (compare with Novik and 
Menis, 1976) . 

Bj&rn realizes that the atomic volumes Increase with increasing 
atomic number, but "everything is so small", in studies done 
previous to this study, we interviewed a 16 year old student 
studying the natural science line (N-line) . When he had decided 
upon group II , he said, "The particlec, they are so small, so 
they must all take up about the same volume". (Notice that the 
student in this previous study had not studied the gas law as 
the students of the Israeli tic investigation had done.) 

Both the student in the previous study and Bjttrn think disconti- 
nuously. They support their choices with proper logic, but the 
non-molar relationship between number and volume causes them 
problems. There is a gap in their ability at the point, where 
they are required to go £rom discontinuity to continuity. It is 
not impossible that Ernst has also the same understanding of the 
"number of" • volume relationship (namely that different types 
of atoms have different volumes, and that the volumes in the re* 
quired group are the same anyway because the atoms are so small 
that a small difference in volume does not have any effect). 
These students believe that the atoms are so small that a volume 
difference (atomic volume difference) does not make any differ- 
ence even if the number of atoms becomes very large. The collec- 
tion of particles creates the continuous characteristics, but 
how ? This is a question that the student have problems with. 

It can be hard to "weigh by hand". For Adam the choice is made 
by the volume relations and he thinks that even the mass rela- 
tionships seem to be right ("It's hard to say"). 
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Britt chooses group II because "tin is heavier than aluminium", 
in other words Ha is heavier than lib. She never considers 
"weighing" group X. 

Axel thinks it is hard to etimate the masses. "It's pretty 
impossible to discern how much they weigh", he says. (He is 
moving towards determining the exact (in fact, absolute) masses. 
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Table 4 t ARGUMENTATION FOR CHOICE OF GROUP III 



Studentss Ann, Barbro, Bengt, Bart, BUn, Bma, Ehok, and Eva 
(Bodil, Bror, and Erik chose group III, but changed 
choice to group I. These students thought in contin- 
uous terms.) 



Reasons Students Citation 



The 

volume 

relations 

are 

correct 

Constant 

number of 

atoms and 

variable 

atomic 

volume 

causes 

variable 

molar 

volume 



Emma Emmas 1 mol contains the same 

number of particles no 
matter what element you 
have, but the particles 
have different sizes 
(atomic volume is not 
constant) ♦ And that is 
why X choose group IXX. 
There should be different 
heights in the tubes. 



Estimated 
densities 
give the 
volume 
relation- 
ships 



Ann 

Barbro 

Slin 

Enok 

Eva 

(Bodil) 

(Bror) 

(Erik) 



Enokt if we think in comparison 
to the others in the 
periodic chart then.*. The 
answer... timm... should 
be group XIX, which is the 
correct one in that ease 
because sulfur is porous 
in consistency. So we can 
eliminate that one for 
there ought to be most 
sulfur. Because the others 
are heavier in themselves 
if you can use such a weak 
expression, group XXX 
ought to be the right one. 
... The weight isn't so 
important. It's the mole 
that should be measured. 



(cont. next page) 
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Table 4 (contjt ARGUMENTATION FOR CHOICE OF GROUP III 



Reasons 


Students 


Citation 


The 


Ann 


Bengt: I see the difference 


volume 


Barbro 


in . . . there maybe . . . 


Tin... it's little more 


relations 


Elin 


compact than this one, 


are 


Enok 


right ? So I think it's 
more. • • Maybe the 


correct 


Eva 


amount causes it to be 




(Bodil) 


1 mol there and 1 mol 


Estimated 


there at the same time. 


densities 


(Bror) 




give the 


(Erik) 


Elin: No, but like powder 


volume 


* (IIIc), it is lighter 


relation- 




than that consistency , it 


ships 




looks like it is heavier 



(Ilia)... It could be 
lead or something... 
Only it looks heavier. 
It's purely visual. 



Eva: ... That the metals have 
larger densities than 
sulfur. Then it's pos- 
sibly between the tin 
and aluminium. I be- 
lieve that it is in 
group III that there is 
1 mol of each. 



Ann: I believe you need more 
sulfur than you need... 
tin. 



Barbro: Because there is least 
tin , it weighs most. 
According to the periodic 
chart, there is the least 
amount in that one (Ilia) 
then aluminium, which is 
in between sulfur. .. 



Bodil: I looked at the different 
*' levels • Then I know that 
tin weighs more than alu- 
minium, and in that case 
lesser amount (volume) of 
tin is required in order 
to make 1 mol, than 
aluminium, (See next page) . 

(cont. next page) 
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Table 4 (cont.) t ARGUMENTATION FOR CHOICE OP GROUP III 



Reasons 



Students CitAti6n 



(See 
above) 



(See Bodil: (cont.) And quite a large 

Above) amount (volume) of sulfur 

is required in order to 
make 1 mol. ... 
I know that tin should be 
heavier than aluminium and 
sulfur, and then a less 
amount of tin than alumi- 
nium and sulfur would be 
needed, and that is the 
case in group III. in 
group II there is the same 
amount (constant volume) 
and in group I, there is 
more tin (volume) . 



Mais rela - 
tionships 
are 

correct 

Constant 
number of 
atoms and 
constant 
atomic mass 
causes 
content 
mass 



Barbro Barbro t Yeah, they weigh about 

(confirms the same. 

the choice) * . . . . _ . 

(I: And they should ?) 

Yes, they should. 



General Bengt 
visual Bert 
perception 



(cont. next pa^) 



Bertt It is the largest dif- 
ference between them. 

It In group III. X see. 

Why was it important 
that there was a diffe- 
rence between them ? 

Bertt I didn't know. (It You 
didn't know?) No, it 
was like suggested by 
the question. 

I. How were you thinking ? 

Bertt Well, that one looks 
trickiest. It seems 
too simple an answer to 
say group I or group II. 
Group II seems so super* 
simple an answer. 
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Table 4 icont.) : ARGUMENTATION FOR CHOICE OF GROUP III 



Reasons 



Students Citation 



General 

visual 

perception 



(See Bengtt well... If you say that 

above) it is the same (volume) 

there , then I would 
eliminate (group IX) . . . 
first without thinking 
(intuitively) then I'll 
eliminate that one 
because it's not right. 



The most weighty argument for the choice of group III is not 
(as one might expect) conceptions of constant atomic mass. 
Group XII seems to be right because of an intuitively expected 
picture of how large a volume 1 mol tin, 1 rool aluminium, 
and 1 mol sulfur should take up* 

Many students hAve a conception that both of the metals should 
have a larger density (and therefore occupy less volume) than 
sulfur. (Aluminium, which is a light metal ought to take up 
less volume than tin.) Many other students use molar mass as 
a measurement of density. (See even p 43 , •Molar volume for..). 

It What is it you wanted to look up in the table ? 

Enokt ' I would be able to look up the molar weight... 

'l could find the density, and then I would just 

" be able to calculate away. 

Erik: Um, the density is closely related to the molar 
mass if I'm not mistaken. 
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The students believe that the molar mass of tin is larger than 
tht molar mass of aluminium whose molar mass is in turn larger 
than sulfur 's. Therefor, the volume relationships ought to be 
••in group ill. when they get to know that the molar mass of 
aluminium is less than for sulfur, they are surprised: 

Arnet The density ? Well, I know that*.. The molar mass 
told me that.. I thought actually that aluainium 
was heavier than sulfur. 



Erik: 



Well, now we're talking about a different situation. 
Z thought that aluminium was a little heavier. 



Bodilt (Gets to know the atomic mass values). 
Isn't it more for aluminium ? 



Mmm. 



Anders never chose group ill, but he thought for a moment that 
there should be least tin in the correct group. Be says at the 
end of the interviews 



Anders* 

It 

Anders t 



Ix 

Anders i 



X thought incorrectly at the beginning that there 
should be least tin... 

Do you know what you were incorrect about ? 
Yes, ummau*. 2 guess I can say that the tin... 
Because one atom of tin weighs quite a bit more 
than the other elements, and because 1 mol of 
one element is the same number of atoms, no matter 
what it is... 
yes ? 

So this one... Kh, then the amount must... The 
amount does not depend on the weights, or what 
should I say.*. Umm, there are the same number 
of atoms in... And they have different weights, 
the atoms, because they have different compositions. 
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And if we take 1 tool of tin, then it has... 

The atoms are so well... have a larger mass than 

one tin atom, so it ought to be a greater amount. 
It When you say amount, what do you mean ? Do you 

mean how high up it goes in the tube ? 
Anders: Yes. That's right. 

It So you're considering the volume here ? 

Anders: Yes, that's right. 



Amount - different meanings 

In the interviews, we have many examples of how students use 
the word amount instead of a more exact word such as volume, 
number (of) , mass, or amount of substance which in scientific 
context would be the appropriate expressions. Each and every- 
one of the students can use the word amount and mean many dif- 
ferent things, sometimes without being sure what the word means 
actually. (Compare Lode (1970, p. 81)). It is by no means true 
that the word amount is only used synonymously with the amount 
of substancei a result opposite of the views held by chemistry 
textbook authors in Sweden. (See below pp. 50 - 51 and 77) . The 
following are examples of how the students use the word amount. 

Ann: Well, Z think that... First about the amount, how 

much there is in each one. 
It What .io you mean by that 7 

Ann: What they contain. Let's see, amount. There are 
different amounts in different tubes here. It's 
different... (unhearable) always. Bow many grams 
they weigh... etc... For 1 mol, yes, X need to 
know how much it weighs. Yes, the weight, yes gram 
then, the amount, the height, then we can say 
decimeter. 
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Bengt: Maybe the weight causes it to be 1 mo 1 here and 
1 mol there at the same tine (group III) . ... 
1 mol is... a certain amount of an element , and 
there must be at least 1 mol in all the groups, 
because 1 mol is such a small amount, or rather , 
because the amounts in the tubes are so much larger 
than an amount of atoms. 1 mol of atoms is very 
small. Even if there are many atoms. Z would think 
so. ... Z realize I've confused * amount and. quanti- 
ty", and that one should think about what one means. 

Anders: Eh, then the amount must.*. The amount does not 
depend on the weights, or what should Z say... 
Umm, there are the same number of atoms in (in 1 mol 
of a substance) ... And they are different composi- 
tions. And if we take 1 mol of tin, then it has... 
The atoms are so well... have a larger mass than 
one tin atom (he means: aluminium atom) , so it ought 
to be a greater amount. 

Bjttra: 1 mol of each element should have the same amount of 
atoms* or, uh, molecular units, or units, what should 
z say... 

Right, it should have a larger mass, but the amount 
(volume), let's see, the amount should be the same 
(Whispered) . . . 
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Atomic mass - molar mass - unclear meanings 



There is a degree of unclearness when it involves the students' 
differentiating between molar mass and atomic mass (atomic 
weight)* We have found this with many students* The explana- 
tion is probably that there is no table of molar masses in the 
textbooks * In practice, the periodic chart is used by the stu- 
dents with the atomic weights included as a "molar mass table*. 

The transition from formular mass to molar mass most likely 
causes problems because the formulas mass is a mass , 'while 
molar mass is a constant of proportionality (m » *V • n) • 

The following are examples of how the students use the above 
mentioned quantities. 

Bodils Then X would look it up in a Chemistry table* 

X: What do you want to know 7 

Bodils The molar mass. The atomic weight 

Anderss yes, in order to find that out* X believe X would 
like to *kvo had a periodic chart and see what the 
molar marge's are* They are different* 

Xs Would you find that in a periodic chart 7 

Anderss yes, you can find the molar mass* But it, but wait 
a minute. what's It called again 7 Yeah, the 
molar mass the same thing as this here.** how 
many i what's the other name for it 7 X can't 
remember just now. Row many units there are, and 
that's the same as molar mass* 

Xs yes i do you mean that if you could look in the . 

periodic chart, then you'd know what the molar mass 
was ? 

Anderss Then X'd know what the molar mass was, yes* 




Is How are you going to find out what 1 mol of tin 

weighs ? 

Erik: By looking In the periodic chart. 

Emma: x would weigh them and look In the periodic chart. 
The number of grams per mol Is there* 

Elin: yes, one must know the molar mass. 
It What do you mean by molar mass ? 

Blin: Wen, it's in the periodic chart. 

Eskll: You learn a routine, to find out the molar mass, 

and that is done by looking up the atomic weight in 
units (u) , and changing it into grams (g) • The only 
puzzling thing is what I've actually done. Row 
many... how much does this weigh ? 

Else: The periodic chart usually helps in many cases with 

moles and the like. 
X: What does it say in the periodic chart ? What kind 

of data can you use ? 
Else: x don't know exactly with this, but the molecular 

weight can be found there. 
It Does it say the molecular weight in the periodic 

chart, did you say ? 
Else: Grams per mol perhaps, isn't there. •• X don't know 

grams per mol ? 
X: Xs there any difference between molar mass, 

grams per mol ? 
Else: Yes. 
Xt Xn what way ? 

Else: Grams per mol is therefor grams per mol. 
X: What's molar mass, then ? 

Else: That's a good question. X don't know what to say. 
Something X made up. X don't know. 
Xs there really such a thing as molar mass ? 
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I: If you had 1 mol in one of the group*, what would 

they weigh ? Tin, aluminium, and sulfur. 
Elin: It would weigh so many units, u (as 119, 27, and 32). 

I: When I say mole do you think of any ting in 

particular ? 
Ernst: Yes, Avogadro's number. 

Zt I see. What's that ? What do you mean by that ? 

Ernst: Yeah, that depends... I Know how much it is. It is 
6.023 • 10 formular units or whatever they're 
called. And it's pretty good to have, you calculate 
with the periodic chart, because the atomic weights 
are the same masses in grams if you have 1 mol of atoms. 

Axel: When you see a periodic chart, and read it, perhaps 

it says... If we say hydrogen 1.008, hydrogen weighs 
as much in grams and... 

firor: I have... it is therefor 1. mol and then I have one... 
weighs a certain number of grams... I can figure out 
1 mol with Avogadro's constant and the atomic mass. 

Emil: ... that there are as many atoms for each mole, as 
there are as many atomic units for each gram... Urn, 
the number of grams per mol is the same as the number 
of atomic units per atom, I would say. In other words, 
the atomic mass in atomic units also gives the molar 
mass. 

I: What about mole, is it that easy ? 

Egon: No it's not easy, it is... nothing is easy here... 

You try... It's just this constant, Avogadro's 

number, wherever he got that from. 
I: Yes, where did he get that from ? 



Bgont X don't know, it's probably just practical. 
It Why is it practical ? 

Egont A practical constant to measure the weight with*.. 

Yes to measure ths weight or... to measure the amount 
of an element. The element has a certain atomic weight 
that's measured with universal mass unit u. And when 
Avogadro's number... If you take that many atoms then 
you get the same number except in grams , and it... 
There's a little larger to calculate* a little more 
practical. But I don't really know why, how this has 
been decided. It's probably mathematical, I assume. 



Molar vo lume for solid elements and atomic volume - students' 
points of view 

Molar volume for solid elements causes the students problems* 
The molar volume for solid elements is obtained with the 
equation • — (assuming constant pressure, constant tempe- 
rature, and defined crystal structure). The equation does not 
appear for solid elements In the textbooks we studied. Many 
students feel that molar mass is related to density, but they 
can not express it explicitly. (Compare "Argument for choice 
of group XXI, p 33 ) . 

Erikt Urn... the density is closely related to the molar 
mass if I'm not misstaken. 

Ernst t Are the volumes of one mol aluminium, tin, and 

sulfur, equally large ? The molar volumes should 
perhaps be. 



Else: 



... How large a volume one mol has... We haven't 
talked much about that so that it's a little 
difficult. 



The •laments' volume can conventionally be found by using the 
formula F(1 to) ■ Y m /$ A (assuming constant pressure, constant 
temperature, and defined crystal structure). The students pon- 
der quite a bit over atomic volume. 

Elsa: . And there isn't anything that says that they (par- 
ticles) should be equally large in all the elements, 
or that they should have the same volume. So you 
can eliminate group XX. 

Emma* ... but the particles have different sizes. And 
that's why I'm choosing group IZZ. There ought 
to be different heights in the tubes. 

Adamt They should take up about the same volume in both, 
because the atoms are the same size. 

Beritt So there can't be the same volume in both* because 
the atoms are not the same size* 

Bjdrnt ... Then it's a question whether the atoms in them- 
selves or the molecules are larger than each other. 
. • . 

Yes, if the atoms are larger then they take up larger 
... No, forget it... more space, but it... no, 
it's probably group 121, because there should be 
equal amounts. 

Brort But, the atoms are a little larger because it is 

tin. And then you would think that they would. take 
up a little more space with the same number of 
molecules . • . atoms • 
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Schematic summary of current Swedish textbooks 

We have made a comprehensive inventory of how Swedish chemistry 
textbooks from the beginning of this centuary until the pre- 
sent time have dealt with "mole" parallel with the interview 
analyses and our study of the relevant international litera- 
ture. He have, however, not considered it meaningful to in- 
clude our findings here since they reflect a specific Swedish 
tradition. We have limited this summary to a schematic table 
of current textbooks from which it can be seen that Swedish 
writers adopt dif f erent methodic standpoints in their presenta- 
tion of the quantity amount of substance and its SZ unit 1 mol. 
The schematic summary is presented in Tables 5 and 6. 
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Table 5 : The quantity ainount of substance in three dominating 
Swedish textbooks 



The quantity 
amount of 
substance 



Andersson et al 
(1983, 4th edition) 



Borfin et al (1982, 
5th edition) 



* Amount of substance * • • • amount of substance 

(quantity of substance (or particle quantity 

(fenesntingd) , usually In (pextltalmBngd) or only 

abbreviated farm as amount (mSngd) ." (p 13) 
amount (raHngd) ) . " (p 34) 



What is mea- 
sured with 
the quantity? 

Definition of 
the unit 



The Avogadro 
constant 



The quantity 
malar mass 



(Missing) 



Relations 
between 
amount of 
substance and 
mass 



"The muter of atoms 
(particles) contained In 
a substance...* (p 13) 



"The amount of an , 
element containing 
this number 
/6.02 . 1023/ is 
called 1 mol." (p 34) 



(Definition given in 
accordance with St) 



"Quantity H A & 



6.02 * 
(P 34) 



10 23 soT 1 . 



"A 
(tool 



i 6.023 • 



10 23 nor 1 
' (P 14) 



"The mans of 1 mol of 
the substance (type of 
Ion) is caHed molar 
mas* for the substance 
(type of ion) . - 
1 g/tol (1 q • mol 1 )." 
(P 37) 



•The mass of 1 mol of a 
substance called molar 
mass. ... the unit 
1 g/nol (g • mol' 1 )." 
(P 15) 



"The following rela- 
tions apparently apply 
between the mass m, 
molar mass* M, and 
amount of substance, nt 



M or 



(p 37) 



"mass ■ mount of sub- 
stance x molar mass 



m 

m 



(p 15) 
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Table 5 (cont.) : 



Hansson at al (1983, 6th edition) 



"... amount of substernal (another name is quantity of substance 
(Jtanesmtogd) or sometimes only amount (mtogd) ) ." 

(p 27) 



".. it a measurement of a number of particles 
(atoms* molecules or ions)." 

(P 27) 



"••.the amount of substance containing 9 A formula units 
constitutes 1 mal of the substance in question." (p 28) 
Cf : "He have defined the unit 1 mol as being a fixed nutter 

of formula units* ■ (p 28) 
Cf also the expression "1 mol H » 8 A hydrogen atons" (p 28) 



■The quantity specifying the number of foraula units per mol 
is called the Avogadro oonntianU • . . Unit. . . 1/mol. . . . 

nor 1 ." (p 28) (No quantity symbol is given). 



-By means of " 1 u • g" it is also shown that "1 mol R 2 0 

wsigha ... 18.02 g". 3;his results in the molar mass as 
"the mass per mol formula units" and with the unit "g/raol". 
(P 29) 



The mass is directly proportional to the amount 

of substance. This relation can also be written as 



« m m 



(P 29) 



Table 6 : The quantity amount of substance in two new 
Swedish textbooks 



Oahlstrand (1984) 



The quantity 
amount of 
substance 

What is mea- 
sured with 
the quantity? 

Definition of 
the unit 



The Avogadro 
constant 



The quantity 
molar mass 



Relation 
between 
amount of 
subastance 
and mass 



Lindberg, PilstrBm 
and Wahlatrttm (1985) 



Amount 

(amount of substance) 



"... amount of substance 
(or abbreviated as 
amount (mUn^i) . . . * ' (p 66) 
(The word amount is 
mostly used) . 



"... how much substance 
is Involved. Actually, 
the number of atoms or 
molecules or formula 
units." (p 15) 



"... is a measurement of 
the number of particles./ 
(P 66) 



"... 1 mol • 6.02*10 
pieces (stycxan) 
(P 16) 



23 



•Che mol is defined as the 
amount of substance In 



12 g 



(p 66) 



(Missing) . (With the 
definition given above, 
the cenclutlen must be 
that there is no room 
for the Avogadro 
constant.) 



•6.023 • 10 23 is called 
the Avogadroe constant 



and has the symbol li 



(P 66) 



4- 



•Tha molar mass is «hat m Qm mass of 1 mol of a 

1 mol units wei^is, usu- substance is called the 
ally expressed in gramas* molar mass of that 

The molar mass has the substance* Molar mass 

sort g/mal. ... The has the unit g/taol (also 

molar mass is the mass written as g*mol~M and 

per mol/ (p 104) has the symbol *.* (p 67) 



•Jtolar mass N » 



m 



onount n 
Mass m • aroount n • 
molar mass M 

Amount « • 

m SBSB S 
molar mass M 
(p 104-105) 



(Does not give any 
general relations. 
Factor lable method.) 
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The International Sytttm of Units (SI) - basic physical 
quantities and base units 

A dlaeuaalon of tha question of the choice of teaching content 
In physical chemistry Is appropriate here. As early as In com- 
pulsory school # pupils are confronted with the base quantities 
length (I)., mass im) and time (t) with the base Sl-unlte metre 
(m) # kilogramme (kg) and second (•) . At the upper compulsory 
school level and in upper secondary school, students studying 
physics are also confronted by the quantities electric current 
(I) , thermodynamic temperature IT) and luminous Intensity (I y ) 
with the base units empire (A) , kelvln (K) and candela (cd) . 
These basic quantities have been Introduced as a result of deci- 
sions made by International organisations , where the correspon- 
ding national organisations have been represented , for instance, 
the Swedish Standard Association (SIS) Is a member of the 
International Organisation for Standardisation (ISO) . The 
decisions arrived at are of great Importance to Individual 
countries. 

Decisions are prepared and made in International scientific 
organisations which have their equivalents In Individual 
countries* Basic quantities # which are Independent of each other # 
and base units are Internationally agreed upon, and are Intro- 
duced parallel with advances in the natural sciences and 
technology. (See 1. a. Slegbahn (1963) and Ohlon (1974) ) . 
These quantities with their base units, as well as quantities 
and units derived from them, become the teaching content taught 
to students in schools all over the world. The teaching of 
these concepts is a normative demand made by society. The task 
of subject didactics and subject method Is to solve the prob- 
lems arising in teaching and learning. 

The six physical quantities In the International unit system 
81 (Systime International d'tfnlttsi often tautologlcally cal- 



ltd the SI system) was 1971 supplemented by an independent 
seventh quantity (number six in order) , namely the quantity 
amount of $ub$tana* in) with the base unit of 1 mol ( the name 
of the unit M mol ' is mole ) , The fourteenth conference (1971) 
held by CGPM (Conference Gtntral des Poids et Measures) deter- 
mined the following definition of the base unit mole: 

"The mole is the amount of substance of a system that con* 
tains as many elementary entities as there are atoms in 

0/012 Kilogram of carbon 12* 

When the mole is used, the elementary entities must be 
specified and may be atoms, molecules , ions, electrons, 
other particles, or specified groups of such particles .* 
(IOPAC, 1979, 8X8 01 61 32, Issue 2, First day of validity 

1976-11-15) 

(In the definition of the mole, it is understood that un- 
bound atoms of carbon 12, at rest and in their ground state, 
are referred to*) 

In French, amount of substance is called quantit* da matlEra 
and in German, it is called 8 toff mange . It is interesting to 
note that the Swedish name "BmneamSngd" has been used for many 
years instead of "substansmAngd" (the name to-day). The 
Swedish word "mlngd" is the translation of amount, and it has 
a meaning close to the German word 'Mange* « A meeting was held 
between representatives of the Swedish Chemical Society, the 
Swedish Standard Association and the Swedish Centre of 
Technical Terminology, due to among other things a mistrans- 
lation of the French matitre. The following recommendation 
was agreed ont 

"The term for quantity with the unit mole is amount of 
substance (subs tan tmftngd) . In chemistry, the term •tanee- 
mingd" is common/ The abbreviated form " mSnad * (amount > 
quantity) can be used when there is no danger of misunder- 



213 



•tailing, mien necessary, greater precision can be attained 
by the use of terms such at electron quantity (elektronmftngd) , 
photon quantity, etc. (TNC-AXtuellt 1975:1 and the Journal of 
the Swedish Chemical Society 1975, No. 4, p. 56). 

Presumably, the Swedish term for the quantity amount of substance 
is a sign that different conceptions of amount of substance exist 
(Holmatrfim, 1975). The word amount (Swedish t m&ngd) brings to 
mind the mathematical term amount ( set t Swedish t m&ngd) and the 
word quantity (Swedisht mfingd, or more seldom kvantitet) brings 
to mind number. In 1967, the definition of the base unit mole 
quoted above was proposed by The International Onion of Pure and 
Applied Chemistry (IUPAC, 1967, 1979 (1969, 1973)). Ten years 
earlier, The International Onion of Pure and Applied Physics 
(IOPAP, 1958) argued in favour of the following definition: 

• 1 mole (symbol: mol) is the quantity of substance which con- 
tains the same number of molecules (or ions, or atoms, or 
electrons, as the case may be) as there are atoms in exactly 
16 gram of pure oxygen isotope 1 *0" 

On the former occasion , quantity of substance was clearly not 
considered to be an independent quantity. The moat important 
Alternation in the definition of mole ia the addition *of a 
system - . Amount of substance ia a meaaurable quality, an 
abstract quantity* of the concrete phenomenon called a system 
in the latter definition. In the former definition* the state- 
ment "which contains the same number of molecules* clearly 
cannot refer to the abstract term quantity of substance. Thia 
definition ia conceptually incomplete. 

Both definitions of mole are directions for an experimental com- 
parison between concrete systems, and it ia thus neceaaary to 
specify the elements ££ «j£ systep (elementary entities). It 
is in the acual comparison with 0.012 kg 12 c that one can 
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obtain an experimental estimate of tha number of elementary 
entitles In exactly 0.012 kg 12 C. It ii 
thla number that la called the Avogadro number which la re- 
presented herr by N Q . The number N Q la thua a number and can 
only be given approxlmatlvely with an accuracy determined by 
the measurement procedure. (The value of the Avogadro constant, 
the quantity symbol 9 A In SI, Is specified as a phyalcal con- 
stant In SI (IUPAC, 1979). since the phyalcal constants were 
brought Into line in 1973, COOATA (Committee on Data for 
Science and Technology) has recommended the value & A & 
6.022045 (31) x 10 23 mol* 1 (uncertainties: 5.1 ppm) . The 
numerical value for the quantity S A la N Q . A new adjustment 
waa planned for completion in 1984. Presh experiments have 
resulted In better valuea being obtained for aome of the con- 
stants, e. g. for ^ ^ 6.0220978(63) x 10 23 mol~ 1 (1.04 ppm). 
Here, It ahould be noted that the new valuea found for con- 
stants should not be combined with the valuea found for con- 
stants In an older version (see Review of Modern Physics, 
56(2), Part II, April, 1984)). 
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Brief hlatorlcal greeentatlon of the "mole concept" 

There are historical reaeone for the introduction of the 
quantity amount of aubatance and ita SX unit 1 mol. we have 
not been able to find any atudiea of the hietory, eociology or 
theory of science that give a holistic view of the conceptual 
development of the mentioned quantity. However, we would like 
to preaent a number of circumstances that are relevant to our 
study, although we realise that reaaona we are not aware of 
may alao have influenced this conceptual development. 

There are primarily three conceptual lines of development which, 
at different times, have interacted in different ways and which 
have finally been integrated aa a reault of the introduction of 
the quantity amount of aubatance and ita SX unit 1 mol. The 
first line of development concerna the introduction of the 
concept of atomic weight and new methods of determining atomic 
weights (atomic masses) with increasing accuracy. The aecond 
line of development concerna the introduction of the term of 
"mole* in chemistry. Xn recent decades, this term haa been 
called "the mole concept 11 (Rleffer, 1962). The third line of 
development concerns the place of quantity calculus in the 
acquiaition of scientific and technological knowledge. 

Xntroduction_of the concept of_atomi£ weighty ( a tomlcjnaee^ 

Mattauch (1958a), Wichera (1959), Slander (1961), XOPAC (1961), 
and Adall and Andereeon 11964) have described the historical 
development of the concept of atomic weight beginning with the 
Englishman John Oalton. Xt ia interesting to note that the 
systematic, quantitative atudy of chemical proceaaea began with 
the Stahlians (they used the concept of phlogiston) Bergman, 
Wensel and Richter (fierseliue, 1818, Walden, 1931). According 
to ttalden (1931., p. 84), Wensel was the first person to make 
atomic or equivalent weight measurements for the divalent 
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cations copper, iron And xinc (copper it perclpltated with iron 
or line). At the beginning of the 19th century, the atoichio- 
metric lews governing "equivalent proportione" end "conatant 
proportioned were confirmed by several chemists, e.g. Prouat. 
Theae lawa, aa well aa the law of "multiple proportione" 
discovered by Dalton /1803/ and proved definitively by 
Berselius (from 1807), were given an elegant explanation in 
the atomic hypotheala. Dalton poatulated that matter 
ia discontinuous. The different elementa conaiat of atoma 
which, for each element, are characterised by weight (mass) 
and site. The heavy emphaaia on maaa distinguished hia theory 
from earlier atomic theories. Dalton waa able to utilise a 
large body of Knowledge about quantitative relatione found by 
uaing scales to make meaaurementa of maaa. In 1803, Dalton waa 
first to attribute the elementa 1 atoma a certain definite and 
immutable weight (maaa). Puthermore, theae atoma were of the 
same type. Dalton choso to apecify the weight of one hydrogen 
atom aa 1 (H«1), and he published the first atomic weight table 
in 1608 (Dalton, 1808) . 

J. J. fierselius carried out far better atomic weight meaaure- 
menta than Dalton and published atomic weight tablea in 1818 
and 1827. Bersellus considered oxygen to be the most important 
of all elementa aince it can combine with almoat all the other 
elementa. He apecified the atomic weight of oxygen aa 100 
(0«100) and in this way he wanted to eatabliah the acale of 
atomic weights. 

In the 1850 1 a And 1860'a, the Belgian J. 8. Staa carried out 
extremely Accurate atomic weight meaaurementa. He uaed the 
atomic weight of oxygen aa the baaia for hia work (0*16) , but 
he conaidered thia to be equivalent to apecifying the atomic 
weight of hydrogen aa 1 (H«1) (Adell and Anderaaon, 1964). The 
ratio between the atomic weights of oxygen and hydrogen waa to 
play an important role. At the beginning of the 20th century, 
the ratio waa found to be 18.88 i 1 or 18 i 1.008. 




The Gorman Wilhelm Oatwald proposed in 1885 that tha atomic 
weight of oxygen ba apaeifiad aa 16 (0»16) which would make it 
possible to combine tha advantages of the two atomic weight 
scales. At that time, the majority of atomic weighta were re- 
lated with greater accuracy to oxygen than to hydrogen. The 
atomic weight scale baaed on oxygen would also provide approxi- 
mately the same numerical values of the atomic weighta aa in the 
caae of the hydrogen scale (H»1) where the atomic weighta ten- 
ded to be suitable numbers (Wiffen, 1960). At the beginning of 
the 20th century, there were tablea of atomic weights baaed on 
either hydrogen (H«1) or oxygen (0«16). At the end of the 19th 
century, the chairman of Deutache Chemiache Geaellachaft in 
Berlin took the initiative in the question of an international 
scale of atomic weighta. A committee waa appointed with B. 
Landolt aa its chairman and W. Oatwald and K. Seubert aa mem- 
bers. One of the first steps towarda international collabora- 
tion in the field of theoretical chemistry waa taken aa e 
result of the above-mentioned persona utilising their position 
in the international acientific community. Chemieta voted 
aeveral times and it waa many veara before it waa decided inter- 
nationally to uae the atomic weight of oxygen, which waa speci- 
fied aa 16 (0*16), aa the baaia of the atomic weight scale. 

Soddy introduced the iaotope concept in 1910 and just before 
World War I, J. J. Thomson discovered that the elements could 
be made up of atoms with different weighta (neon had two iso- 
topes with mass number of 20 and 22). p. if. Aaton continued 
Thomson's work and in about 1920 he designed the first maaa 
spectrograph. Aaton ahowed that tha natural elements often 
consist of combinations of two or more isotopea. However, he 
specified 0*16 as the baaia of the atomic weight scale. 
But in 1929 , Giauque and Johnstone discovered that oxygan 
had more than one iaotope. In 1935, Urey and Greif 
conatructed a theory that ahowed that oxygen in different com- 
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pounds or phases which art in a state of equilibrium dots not 
have the tana average atomic weight * That tame year, Dole car- 
ried out experiments that showed the same results. Thus, the 
oxygen In the air had an atomic weight of 16.00008 If the oxy- 
gen In Lake Michigan was specified as being exactly 16 o ■ 16. 
Scientists working with mas spectrographs continued with the 
system 16 0«16 while the chemists used the natural oxygen mix- 
ture, where 0*16, as the basis of the atomic weight scale. . 
The chemists stuck to this basis In spite of the fact that It 
proved to be poorly defined. However, this was not a problem 
In practice since none. of the chemical atomic weights had been 
specified sufficiently accurately to make the uncertainty of 
the basis significant. This, then, Is how the physical and 
chemical atomic weight scales originated. 

The two atomic weight scales meant that double values were ob- 
tained for the Avogadro number (N Q ) as well as for constants 
such as the gas constant and Faraday *s constant (electrical 
charge). From about 1940, the proportions 17 o and 18 o which 
occur naturally are known, and since that time, scientists and 
researchers have referred to a defined isotope combination and 
not to variable, natural oxygen. The conversion factor bet- 
ween the atomic weight scales is 1.000273. 

The physical scale also proved to be far from ideal. Different 
types of carbon and hydrocarbon ions form easily in mass spect- 
rographs. These ions also form easily measurable duplicates 
with other ions. Thus, in reality, carbon 12 ( 12 C) became a 
secondary standard. Furthermore, the proportion 12 c t 16 o was 
not as reliable as the ratio of a number of other atoms to 12 C 
(Olander, 1961). There are a large number of reasons in favour 
of having. C as the standard. These have been presented in 
great detail by Mattauch (1958a). 
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From a chemical point of view, the basis chosen should be a 
stable nuclide and in the middle of the 1950' a, fluorine 

1 9 

(exactly F) was proposed (see Mattauch, 1958a, b) . At a 
aeeting of the Atomic Weight Commission in 1957, two physical 
chemists (Blander and Emeleus) were questioned on natters con- 
cerning the atomic weight scales. They rejected the physical 
but found the fluorine scale acceptable (Blander, 1961). 

For the sake of completeness, it should be pointed out that the 
two atomic weight scales are relative scales and that there was 
also an absolute scale based on the quantity mass with the 

unit 1 g. 

The discussion regarding the atomic weight scales at the time 
of the meeting in 19S7 was about (1) how the definition of the 
chemical scale could best be made more precise, (2) whether the 
physical and chemical scales should be integrated or not, and 
(3) whether the definition of the physical scale could be im- 
proved (Kohman, Mattauch and tfapstra, 1958a,b). Prior to the 
meeting, the North American physicist A. 0. Nier had proposed 
that C consist of exactly twelve "atomic mass units", but 
this proposal was not brought up by Mattauch at the meeting. 
Shortly afterwards, the Swede A. dander also proposed, inde- 

1 2 

pendent ly of Nier, C since this nuclide was just as accept- 

19 

able an F. The atomic weights would be reduced by 43 parts 

1 fi 

per million. Blander also proposed 0 » 18# since this 
nuclide was 17.9999 according to the 1957 scale (Mattauch*. 
1958a, Kohman, Mattauch and tfapstra, 1958a, b, 1959, Blander, 
1961). Between 1959 and 1961, IUPAP and XUPAC adopted one 
atomic weight scale based on C»12. The Avogadro number was 
reduced from ^(0*16)* 6.02322 x 10 23 to N Q ( 12 Cf & 
(6.02296 t 0.00017)X10 23 (tfhiffen, 1960). At the Atomic weight 
Commission's meeting in 1969, a comprehensive "cleaning 
operation" was carried out and in particular, a large amount of 
work was put into specifying the uncertainties of the atomic 
weights (Blander, 1969). It was recommended that the tables 



of atomic weights be supplied with seven footnotes giving 
information on the accuracy and the reasons for the degree 
of accuracy. 

The designation atomic weight has been critized at different 
times* Many people have seen atomic weight as a mass with the 
units 1 g (1. kg) or 1 u (unit), but in a historical perspective 
the atomic weights are given without a unit, i. e. in the form 
of a dimensionless quantity. The first meaning corresponds to 
the quantity atomic mass while the second corresponds to the 
quantity relative atomic mass . Their quantity 
symbols are m ft and respectively in SI. 

At the request of Swedish chemistry teachers, a member of 
XUPAC's nomenclature committee presented a proposal at lUPAC's 
conference in the summer of 1963 that atomic weight be given 0 
the unit 1 d (dalton). The proposal was rejected by the com- 
mittee since atomic weight should be a dimensionless quantity. 
Presumably, the reason was that the committee did not want to 
have two mass units (gramme and dalton) between which the re- 
lation would be dependent on the experimental value of the 
Avogadr© number (Nq) . Swedish chemistry teachers recommended 
and described methodic dispositions of chemistry tuition with 
the unit 1 d (Adell and Anderason, 1964) . Zn an appendix to 
their article, they pointed out that an international proposal 
had recommended that the unit be designated "unified mass unit 
(u)*. At symposiums in physics and chemistry arranged by the 
Swedish Board of education in the summer of 1964, it was deci- 
ded to advocate the introduction of the unit "u" in the nine- 
year compulsory school and upper secondary school. It was also 
decided that the national Board of Education would be requested 
to racommand the use of the unit l u l in the syllabus. Pauling 
and Pauling (1975, p 51) say t*2t is customary for chemists to 
use an atomic mass unit or dalton (d) It should be men- 
tioned that in his detailed conceptual analyses, Stills (1955) 
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uses the unit "1 Dalton" for atomic weight in the chemical 
atomic weight scale. In West Germany , the unit "1 Berz. * 

•24 

1.66 x 10 "g is also used (se Lange, 1953a). 
Introduction_of the pinole concept* 

Burger (1983) has studied much of the pioneering work done in 
chemistry and physics in the 19th and 20th centuries with 
respect to the quantity number and related concepts such as 
gram-raolocule or mole. An attempt to explain Gay-Luasac's law 
from 1808 was presented by Avogadro (1311). He assumed that - 
equal volumes of all gases (elements, chemical compounds and 
different combinations of these) at the same pressure and temp- 
erature contain an equal number of molecules (molecules inte- 
gr antes) . Avogadro* s hypothesis resulted in a new gas theory 
which was difficult to accept at that time due to the concep- 
tion of gases then prevailing. Ampere (1814) was also thinking 
along the same lines as Avogadro. It was the work of Canni22aro 
(1858), after an accumulation of experimental data that could 
not be explained by Dalton' s original atomic theory, that re- 
sulted in the general acceptance of Avogadro 's and Ampdre's 
hypotheses . 

In the middle of the 19th century, Clauslus and Maxwell develo- 
ped the kinetic theory for gases and the theory of haat. Stimu- 
lated by this work, Loschmidt (1865) made a first attempt to de- 
termine the size of the "air molecule" , and thus, an estimate of 
the numbers of molecules in 1 cm 3 of air at 0°C and 760 mm Kg. 
This number is sometimes called the Loschmidt number (^) . (This 
symbol was later assigned a different meaning.) 

Walter Kerns t appears to have Introduced "Gramm-Molekul" and 
Wilhelm .Ostwald "Mol" into physical chemistry (Burger, 1983). 
In 1889/ Ostwald used the term "Mol." which he later replaced 
with •Mol" . These abbreviations of the words "Molekul" or 
•Molekel*. •Gramm-Molekdl" (or "Gramm-Atom") and "Mol" as 



used by the physicist Planck at the bag inning of the 20th 
cantury daacribad something concrata with mass. Ostwald' a 
concaption of tha continuity of mola danotad a chaaical mass 
quantity (Stille, 1955) where aach typa of molacula had its 
own individual "amount of mass". Mola may hava danotad a 
definite " portion of substance", a tans introducad by 
Weninger * h959) as mantionad above to denota a concrata amount 
of mat aria. 

Tha stoichiometric laws ware proved to be definitive at tha 
turn of this cantury and Ostwald was able to authoratively 
write that tha masses transformed in chemical raactiona ware 

not 

"... gew6hnliches Gewichtmass, sondern durch solche Gewichte 
messen, welche im Verhfiltnis der chemischen Jtquivalens in 
Bezug auf die tragi iche Reaktion stehen. Heist kan man ala 
Sinheiten die in Grammen ausgedrtckten Nolekulargewichte be- 
nutsen, die frflher achon mit dam abgekflraten Namen Mol be- 
seichneten Grdeeen. So wird in Xukunft stets gerechnet 
werdem die Menge 0,5 Mol Chlorwasserstof f i. B. ist gleich 
1ft, 23 g," (Ostwald, 1911, p.212) 

The term mole waa quickly linked to the gaa lawa and Avogadro'a 
hypothesis i 

"Sine solche Menge irgendeines Gases, welche daa Volym von 
22412 cem im Normalsuetand einnimt nennt man ein Mol." 
(Ostwald, 1917, p. 44) 

Nernst wrote i 

"Mit Bftlfe von Avogadro'a Regel lessen sich die Gaegeeetse 
in folgender Form lusammenfaeeen* Ziehen wir von den ver- 
schiedenen Gaaen eine g-Molekel in Betracht (d. h. das 
Molekulargewicht/ auegedr&ckt in g, alao 2. &• 2 g H 2 , 



32 g 0 ? , 18 g HjO u.s.v.), 90 besteht, wie fur jede Gasmenge 
zwischen p, v und der von -273,1° an gezahlten Temperatur T 
die einfache Beziehung: 

p v 

p v « — — 2- r * a t ; 

273,1 

hierin h & n g t aber der Faktor R nur von 
den gewahlten Masseinheiten a b, er 1st 
unabh&ngig von der chenischen Zusammen- 
s e t z u n g des betreffenden Gases." 
(Nernat, 1893, p. 32) 

"Nach Messung ttber die Dlchte der verschiedensten Gase vUrde 
der Druck, welchen tine g-Molekel oder eln Mol (bold type) , 
wie man neuerdings passend abgekUrzend sagt, eines Gases bei 
0° auf die WHnde des Gef&sses auattbt, 22,412 AtmosphHren be- 
tragen, d. h. eln em Drucke von 22,412 x 760 mm Queckallber 
von 0°, gemesaen auf dem Meeresnlveau an Orten mi t tier Breite, 
entsprechen, wenn der dem Gas dargebotene Raum elnen Liter 
betrKgt." (Nernat, 1921, p. 49) 

The connection between mole and a number of particles (the 
Avogadro number, the Loschmldt number, L U £ )) was initially 
most obvious in physics. It was not until the 1930 'a that the 
Avogadro number was included in the definition of mole in the 
educational lltterature used to teach chemistry (Hawthorne, 
1973, p. 284). However, the Avogadro number was first more 
widely used in the explanation of the electrolysis phenomenon. 
In the 1950 'a, linking mole and the Avogadro number became in- 
creasingly common in the literature published in English. In 
Sweden, this did not become common practice until the beginning 
of the 1960 's. 

The German word for amount of substance is Stoffmenge. It was 
used in the following way by Ostwald: 
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"Ala KapazitatgrBsse kennzeichnet sich Stoffmenge, welcher 
die chexnische Energie proportional 1st, und deren Betrag 
keinen Einflusa auf ein gegebenes chemisches Gleichgewicht 
hat. Man mutt diQsen Begriff durchaut nicht mit der Masse 
Oder der Gewicht verwechseln; er 1st beiden GrGssen propor- 
tional, aber mit keiner von ihnen identiaeh** (Ostwald, 
1909, p. 275, 1917, 270) 

•Zwei Stoffmengen tind auster durch ihren Zahlenwert im all- 
gemeinen noch durch ihre Art verachieden. Eine Folge davon 
ist, dass man Hassen oder Volume unbetchrtokt addieren oder 
zusammensotzen kann, w&hrend man chemische Hengen nur dann 
addieren kamv wenn tie gleicher Art tind* Auaserdem bestehen 
zwischen den chemischen Kapazit&tsgroesen noch die Besieh* 
ungen, die durch die chemische Gleichungen auf Grundlage der 
stttchiometrischen Gesteze ausgedrUckt warden kttnnen. • 
(Ostwald, 1909, p.276, 1917, pp. 270-271) 

Zt it interesting to compare the first quotation from Ostwald 
with what Guggenheim said in a recommendation prior to the 
introduction of the quantity amount of substance into SXs 

•During the past score of years the view has been accepted 
by a rapidly increasing number of physicists and chemists 
that there is a third quantity different from mass and weight 
but proportional to both. This quantity was first named 
•Stoffmenge* in German and the English translation is •amount 
of substance.* (Guggenheim/ 1961 , p. 87) 

Guggenheim (1961) gives several examples of how this new quan- 
tity can be measured. 

How Ostwald related the term •Stoffmenge* to the •mole concept* 
is not made explicit in the texts we have had access to. It is 
of great interest to note that in his introduction, Ostwald 
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(1909) accepted the Atomic hypothesis as a scientific theory 
based on experimental proof from, among others, J. J. Thomson 
end J. Perrin. In the case of stoichiometry, Ostwald consi- 
dered the atomic theory to be instrumental since essentially 
it was important as a convenient wa of illustrating in this 
area. Re considered that it was pot. . :* to Arrive At an ex- 
planation without the help of the Atomic theory, ostwald was 
clearly in favour of a conception of continuity in this field 
of chemistry. 

£uantity_CAlculua and the lntroduction_of amount^of substance 

Earlier, the "mole concept" had been used without distinguishing 
between the quantity and its unit. Oierks (1981) says that the 
"mole concept" discussion started in West Germany in 1953, but 
it has its roots in a debate that started before World War ZZ 
and was continued by Germans during the war. Physicists and 
researchers in the field of physical chemistry were apparently 
involved Li this debate. Stills (1955) has summarised the de- 
tailed analyse* made by Pohl (1943), Pohl and Stdckmann 
1944, Pohl (1952), Langa (1953a, b, 1954a, b) and Westphal (1954). 
A common feature of the works mentioned above is that they 
were in favour of quantity calculus being used in scientific 
calculation. 

According to quantity calculus, a physical quantity is the 
product of a numerical value (a riumber) and a units 

Quantity • Numerical value . Unit (from Maxwell) . 

The SZ's seven independent basic physical quantities are such 
quantities. All other physical quantities in 81 are regarded 
as being derived from, and have units derived from, the seven 
independent basic quantities by means of definitions that only 
apply the mathematical operations of multiplication, division, 



differentiation and/or integration (ZUPAC, 1979). The base 

units in SZ are altered from time to time, as in the ease of 

the definition of the metre in 1983 (the speed of light is 

defined as o ■ 299 792 458 m/s and the metre (1m) is the 

distance light moves in a vacuum during a period of time of 

1/299 792 458 s) . The "mole unit* was defined in 1957 with 

the help of the oxygen isotope 16 o. From 1971 , the definition 
12 

with the nuclide C, which has been discussed above, applies. 
Thus, the ohoice of unit does not affect the quantity as such. 
As far as we know, the precision balance and the o>2ss spectro- 
meter constitute the most accurate method of determining the 
ratio between two amounts of substance. 

jm 1961, the physicists 9 and chemists 1 definite agreement on 
a jingle atomic mass scale based on the nuclide 12 c removed any 
remaining obstacles to the introduction of a seventh basic 
physical quantity in SZ. Chemists were already applying 
quantity calculus to other quantities, but the "mole concept" 
was in a unique position. Zn 1957, ZOPAP had recommended 
physicists to regard the mole as a unit for "quantity of sub- 
stance" (with the symbol Q) (de Boer, 1958). This unit was 
based on the isotope 0, as mentioned earlier. The quantity 
and its unit should be regarded as a basic physical quantity 
and a basic unit. The molar mass was defined as M ■ ^ with 
the CCS unit g/mole, and analogically for the molar volume. 
The Avogadro constant was defined as the ratio 8 Q ■ £ with the 
unit mole* 1 (the symbol for the Avogadro constant is now £ or 
9 A ) . Many people felt, and feel, that the chemists have 
accepted SZ as a result of amount of substance having become a 
basic physical quantity in SZ. The requirements of quantity 
calculus have resulted in the chemists 1 "mole concept" becoming 
more physical as well as precise. 
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Earlier c onceptions of matter and quantification 

Our surroundings are populated by bodies or objects made up of 
different substance*, some of which are called elements, we 
know that man identified different elements in nature thousands 
of years ago. The properties of the elements were described, 
and they were used in different ways. Let us give an example 
from more than 2,000 years ago. 

King Hieron had commissioned a goldsmith to make a golden neck- 
lace, which was to be used as an offering to one of the gods 
after some happy event. The king had good reasons to believe 
that the goldsmith had replaced some of the gold with silver. 
When the necklace was weighed, its weight was found to be equal 
to the weight of the pure gold given to the goldsmith by the 
king. A balance was used to check the weight. Archimedes, who 
was in the king's service, had constructed a measurement theory 
for balances (Lybeck, 1981a, p. 72). In spite of the fact that 
it had been proved to a large degree of accuracy that the 
weights were identical (there was no concept of mass in those 
days), the king still suspected that the goldsmith had deceived 
him. Naturally, the necklace had to be made or pure gold; an 
offering made of anything less than pure gold was unthinkable 
and would be taken as an insult by the god. If the necklace 
was made of pure gold, it could be offered with all the neces- 
sary expressions of gratitude and the goldsmith would be set 
free, if, however, the goldsmith was guilty, he would have put 
the king in a difficult position and thus damaged the king's 
good relationship with the god. How could this problem be 
solved from the king's standpoint and from the point of view of 
society for which this was an important question ? 

We know that Archimedes solved the king's problem, which in 
physics is called Archimedes' hydrostatic problem. With the 
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help of a balance , Archimedes measured the weight of the neck- 
lace, a pure gold object and a pure silver object in both air 
and water. Using thesa measurements, Archimedes was able to 
determine with great accuracy the proportions between the 
weights of the silver and the gold in the necklace (Lybeck, 
1981* .£.-70-74, v7-108) . In pictures illustrating this story, 
one can see a man wearing a crown and sitting in a bath-tub 
over-flowing with water. Some physics textbooks show a picture 
of King Hierejt's "crown", which is what causes the water in a 
full container to overflow. This method of determining the 
proportions of s&lver and gold is not correct froiL the point of 
view of physics since the degree of accuracy is low. In fact, 
it gives a faulty picture of what physics is and its purpose. 
The goldsmith was judged on the basis of the measurements car- 
ried out by Archimedes with a balance* This is one of the 
earliest examples of how science was used in the administration 
of. justice (and perhaps one reason why the story has been handed 
down through the centuries) . 

The story shows that a scientific picture of the world in which 
objects consisted of one or more substances had been developed, 
more than 2,000 years ago. The scientists of that time knew 
how to distinguish the substances* The methods used were both 
scientific and had their origin in handicraft, using scientific 
instruments, it was possible to determine certain properties of 
the different substances. Very early on, the determining of 
systems of measurement for length, volume and weight became a 
matter for central government. The earliest traces of weights 
were found in Egypt and are about 9,000 years old (Ohlon, 1974, 
p. 9) . A balance made about 7,000 years ago was found in a 
grave In Nagada, Egypt (Ohlon, 1974, p. 9, de Boer, 1975, p. 2) . 
Historical evidence of society's interest in the introduction 
of systems of measurement are given by Walden (1931), Siegbahn 
(1985) and ds Boer (1975). There is evidence that scientists in 
earlier times had tried to make the basic quantities dependent 



on each other, one example that can be traced back to the 
18th century ia the unit for weight (mass) . when the metre 
waa introduced in France at the end of the 18th century, it 
waa propoaed that the unit of naaa be derived from the unit of 
length* Tht ^si of 1 dm 3 of deatilled water at a temperature 
(of 3. 95°d for maximum denaity would conatitute the unit of 
maaa. ^hia would be possible to reproduce by applying Archi- 
medes' principle, two Frenchman made a braaa cylinder with 
the volume of 1 dm 3 , thla cylinder waa immersed in water of 
maximum denaity and the reduction in weight waa determined by 
uiing an accurate balance. An archive kilogramme prototype 
of platina waa manufactured* is thua no accident that 
1 dm 3 ol water weighs 1 fc?* 

The fact that aclentlata once tried to make the quantities in 
the syatema of meaaurement degendent on each other is due to 
the level of acientific knowledge at the time. Advance* in 
scientific knowledge have reaulted in the emergence of basic 
phyaical quantities that are independent of each other* and 
their numbers are growing , even if the general desire is to 
keep the number of basic phyaical quantities aa small aa poaai- 
ble. In the 82, the current atatua of acientific knowledge ia 
both focueed on and related to a historical development. 

It ia perhapa no coincidence that our pupila encounter the si 
and its baaic phyaical quantities length, mass and time in 
their phyaica lessons aa early aa in their firat year at the 
upper level of compulaory aehool and again at the beginning 
of their first year in upper secondary school. Today , phyaica 
teaching emphaaisas the concept body or object while chemistry 
teaching stresses the concept aubatance. 

The atory about Archimedes shows that he worked with contin- 
uous quantities that express properties of objects. Archimedes* 
pure and silver "portion of substances" had the continuous 



properties of "weight" (mast) , volume and specific wei?* 1 * 
(relative density) . 

Long before Archimedes' time, scientists and philosophsf* h *d 
proposed untested assumptions, in the natural science vo rld 
picture that they had created, that substances consist °* 
indivisible particles which they called atoms. Thus, at *n 
early stage, the scientific picture of the world contai* 1 ** 
ontological assumptions about the composition of subBta*" 1 * 
The mentioned scientists and philosophers entertained a"* 
comprehended nature from two diametrically opposed per*P tcti ves, 
namely an continuous (C) and a discontinuous (D) . J n th a 
empirical study the natural science line students' concsP ti ons 
of the quantity amount <>l substance and its SX-unit 1 #0* *s 
described oy the-tyt* ^ ^paee (Figure 2, p 19) includt tha 
continuous (C) and ^^fa^oitfeinuous (D) perspective as wtl * *« 
J combined (C*D) perspective. Empirical studies carried by 
ffttgit, his colleague* *n<f fliers using his theoretical * r **e- 
work show t hit children 4pp^ at an early stage a epon**nequa 
way of thinking about atomiitic conceptions, e. g. as r* i4t *<* *o 
a lump of sugar that is dissolved in water, etc. (Piaget *nd 
Inhelder, 1941). These thought processes in children a» d 0v ** 
adolescents show clear parallels with the development ot ic isn- 
tific concepts. 

Based on the empirical findings we Intend to offer a §ynpHf led 
theoretical presentation of the quantity amount of aubf** nc * *nd 
related quantities in chemistry teaching. This present** 101 * has 
grown out as a logical necessity due to the empirical r« fulti 
and also due to different methodic standpoints adopted W s *edish 
textbook writers. Our presentation is an attempt to ma** 
chemistry teachers aware of the nature of some mlsconcep ti0n * 
which can be conveyed to the students. The presentation cai > be 
regarded as a basic element of one methodic standpoint, & ut *t is 
not to be looked upon as a text to be read directly by students. 
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Simplified theoretical prasantatlon of the quantity amount of 
substance and related quantities in ehemietrv teaching 

At the level of the scientific picture of the world (world 
picture) , basic ideas must be communicable to the layman. Let 
us now start from certain assumptions in the world picture 
that concern partly a continuous (C) perspective and partly 
a discontinuous (D) perspective as regards the conception of 
the properties of a portion of *ub$tano$. Table 7 shows a 
number of quantities within the two perspectives. The aim of 
the presentation is to integrate these quantities by means of 
quantitative relations. 



Table I t Quantities within the continuous (C) perspective 

and the discontinuous (0) perspective respectively 



Continuous (C) 
(Property of 
portion of substance) 



Discontinuous (D) 
(Property of the 
specified elementary 
•ntiUa, e. 9. an atom) 



mass 



m 



mass 



m(1 . ee) 



volume 



V 



volume 



V(1 • ee) 



density 



P 



amount of 
substance 



n 



number H 



(Specifies the number 
of elementary entities 
that ere "countable" 
in the microworld* e. 
g. by means of mass 



spec trome trie methods). 
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The discontinuous approach means that tha titmtr.iary tntitite 
(e e) a 11 h *ve the sane mass* namely m(l*ee), which is extremely 
small* However, the number X of elementary entities of these 
system can interact an* form a portion of substance with the 
mass "I and the amount of substance n. This concep- 

tual model enables a quantifi cation to be made that can link 
quantities in the two perspectives together. We then obtain 
two direct proportionalities : 

(1) m • m(1*ee) • N 

(2) * • * A • n 

The relation (1) expresses a linear superposition principle 
(see tybeck, 1981a, p. 73). The linear superposition principle 
quite simply shows that the masses of the elementary entities 
are added (arithmetic) to the mass of the protion of substance. 
In the relation (1), m(i.ee) i» * proportionality constant . At 
this point, the proportionality constant in relation (2), B A , is 
not specified. It is a general constant. The fact that the 
direct proportionality (2) applies can be understood if one 
imagines an equally large portion of substance being attached 
to the previous portion of substance (portions of the same 
substances). The new portion of substance's amount of 
substance is then doubled at the same time as the number of 
elementary entities is doubled, etc. (This explanation is 
based on a property of the function proportionality which has 
been called the functional aspect *s B form in our studies of 
how students comprehend the concept of proportionality (Lybeck, 
1981a, 1985b). A B-form means that one quantifies within one 
variable at a time. The functional aspect's A form means that 
a quantification is made between variables of different quality, 
as in the relations (1) and (2).) 
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Zf we combine the direct proportionalities (1) and (2), the 
following relation is obtained: 

(3) m • m(1 »ee) • 9^ • n 

For the elementary entities (ee) we can write: 

(4) m(Vee) • $ A • tf(ee) 

(The symbol in brackets (ee) in the relation (4) follows IUPAC's 
recommendations to include information.) 

The direct proportionality (3) can, with the help of (4) be 
written as: 

(5) m ■ Jf(ee) • n 

Note that Af(ee) is an elementary entity specific proportionality 
constant since m(Vee) is included as a factor on the left side 
of (4). 

According to SI, 1 mol is the amount of substance (n • 1 mol) 
in exactly 0.012 kg 12 C which we assume to contain N Q carbon 12 
atoms (elementary entities). Th e number ti Q must exist according 
to our conception of the substance's composition. However, we 
cannot know its value until it has been determined experimental- 
ly and even then, only an approximative value of tt Q is obtained. 
The comparison, which the definition of the unit 1 mol consti- 
tutes, means , that the amount of substance 1 mol of any substance 
contains N Q elementary entities. This definition leads logical- 
ly to the following pair of values: 

(a) /» • 1 mol 




0 




The pair of valuta (a) can now be inserted into the proportion* 
ality (2) which gives: 

(6) N Q • 9 • 1 raol 

We rewrite the relation (6) as 

(7) 9 A ■ N Q . mol" 1 

This proportionality constant n A in (2) (the symbol is inter* 
national) is a new quantity called the Ayogadrg constant . Its 
numerical value is N Q and its unit is 1 mol" 1 . This is derived 
from the basic unit mole in accordance with the quantity 
calculus. The number N Q , which is the logical result of the de- 
finition of the basic unit mole, is a number and is called the 
Avogadro number. Note that Np is not included amcng SX's 
current quantities. 

The relation (7) can be Inserted into the relation (4). This 
gives: 

(8) tf(ee) ■ ad'ee) • N Q • mol* 1 

The proportionality constant M (the international symbol) is a 
new elementary entity specific proportionality constant, as 
noted above, called molar mass which has the unit *3 kg • mol* 1 , 
a unit derived from SX's basic units 1 kg and 1 mol. Chemists 
usually use the unit 1 g • mol* 1 (a practice from the CGS- 
system). 

The proportionality (5) is well-known in chemistry literature and 
textbooks where it is mostly written as m ■ n . J¥, . i. e. the 
proportionality constant H takes the place of x and the amount 
of Substance n takes the place of k in the well-known relation 
used in mathematics y • k • x. From a mathematical point of 
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view, thai* alterations naturally do not matter in the slightest 
other than that the form y ■ k . x is customarily used, where 
the denotations y, k and x are given certain meaning. The very 
fact that the proportionalities above are not written out and 
that the order in (5? is not changed reveals that there is no 
natural integration between chemistry and mathematics teaching, 
which is inconsistent with curricula and syllabi. In physics 
teaching, thought patterns of this type concerning quantities 
and units are logically developed. We see no reason whatsoever 
for developing different such patterns of thought in physics and 
chemistry. In general, one can say that B-form thought patterns 
are used in chemistry when it comes to using proportionality, 
while in physics, A-form thought patterns are used (see Lybeck, 
1981a). As Goodstein (1983) sayat 

"Essentially, there are only two types of mathematical rela- 
tionships between variables encountered in the introductory 
courses, proportional relationships and additativ-subtr active 
ones. The scheme of proportions is one of the grand concepts 
of mathematics? it is ubiquitioue in the introductory course 
'and has the additional merit of integrating with the method 
of dimensional analysis. Central to this as a unifying 
theme is the idea of r$U>tionthip$ &#tw##n variable*) appli- 
cation requires focusing on the relationships between the 
variables rather than on rote formulas.* (Goodstein, 1983, 
p 665). 

It is this aspect recommended by Goodstein, our A form, that 
forms the basis of this presentation. This aspect is, in turn, 
based on studies of how students comprehend certain types of 
subject content and in our view, it is the teacher's job to 
teach the A and the B form. In this context, it is the A form 
that is in line with Si's mathematical structure. 



Chemistry textbooks mostly define tht molar mass H as the mass 
of 1 mol of a substance with a unit of 1 9 per mol. Here, 
according to our earlier studies (Lybeck, 1981a, 1985a), it is a 
question of a B form as regards the way in which a proportion- 
ality (its isomorphic properties) is comprehended. From the 
student's standpoint, it is not obvious that it is a question 
of division when the unit is given as 1 g per mol. Our presen- 
tation above explains why the units are given the forms they 
have as derived units. There is no reason to exclude this 
explanation in textbooks at the upper secondary school level. 
Note thkt the 8 form definition of molar maes means that molar 
mass hi s the dimension of mass, which is not 'true. Our presen- 
tation also explains the difference between the Avogadro 
constant (jr^) and the Avogadro number (N Q ) . Zn some textbooks, 
9 A r *P r *** nt * * number, and in the same textbooks, II A is assig- 
ned the unit 1 mol* 1 without any explanation being given* A 
presentation of this type creates unnecessary conceptual con- 
fusion (according to 81, H A represents the Avogadro constant). 
Textbooks do not include molar mass tables. The students use 
the periodic system as a molar mass tablet "All you have to do 
is add the unit g. ■ Alternatively, the atomic mass table is 
used: "All you have to do is to change the unit from u to g a . 
This makes it difficult fer the students when they learn the 
concepts involved. For instance, the number 32*1 represents 
sulphur in the periodic system, which is where the atomic 
weight is given (in actual fact* relative atomic mass with the 
unit 1 and the dimension !)• In textbooks and tables, atomic 
mass is represented by the unit 1 u. 

The unit for atomic mass is defined as follows: 

"1 u ■ 1/12 of the rest mass of an atom of the the nuclide 
12 C.*- (Strictly, 1 u • ^ m(1* 12 cn (SIS 01 61 74) 



The nuclide C thus has the atomic mass 12 u. If we alio take 
into account the definition of the unit 1 mol, then the pair of 
values (b) obtained especially for the carbon 12 nuclide is: 

(b) Cn ■ 1 mol 
\m(N 0 * 12 C) • 12 g 

We can now insert the pair of values (b) into the proportiona- 
lity (5) which gives; 

(9) 12 g • K( 12 C) • 1 mol 
JY( 12 C) » 12 g • mol" 1 

(The way in which (9) ie written thus expresses the molar mass 
of the carbon 12 nuclide.) 

In accordance with the definition of the units 1 mol and 1 us 

(c) Jm(M 0 * 12 C) » 12 g 
]m(1. 12 C) ■ 12 u 

We insert (c) into the basic proportionality (1) and obtain 
with the help of (a) t 

m(N 0 ' 12 C) » m(1' 12 C) • N Q 
12 g ■ 12 u . N Q 
1 g • 1 u • N Q 

And we finally obtain x 



(10) f»-» 0 
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The ratio (10) between the units of mass it the abaolute 
number N ft • 



Concluding coneideratione 

In the above presentation of the quantity amount of substance 
and other related quantities in chemistry teaching, we started 
with the quantities, not with the definition of mole. The 
definition of 1 mol is often given such a prominent position in 
the textbook that it obscures the quantity amount of substance. 
In SI, quantities are fixed. The definitions of the base unite 
are, however, altered from time to time. Thus, however impor- 
tant the definitions of the base units are, it is the quantities 
that are important when the students learn the concepts in- 
volved* 

Our theoretical presentation requires only simple arithmetic 
and proportionality in accordance with 8X's requirements. 
These mathematical concepts are important elements in the 
teaching of mathematics at the upper level of compulsory school 
and later in the first year at upper secondary school. The 
concept of proportionality is the mathematical Instrument used 
to form new concepts in physics and chemistry (and other 
subjects), e. g. density flyback, 1961a), speed, molar mass 
and concentration. Thus, proportionality is an integral 
mathematical structure in the first year at upper secondary 
school during the acquisition of concepts in physics arid 
chemistry (and other subjects) • 

Perfectly satisfactory teaching based on number is possible, as 
tfenlnger has shown in a large number of studies (e. g. tteninger, 
1990, 1901, 1902, 1903). tteninger wants to exclude completely the 
quantity amount of substance and its unit mole from his chemi- 
stry didactic presentation. This has perhaps not been obser- 
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ved by textbooks writers who make amount of substance synony- 
mous with number. Wenlnger^ didactic presentation would be 
placed In the outer ring of our outcome space (Figure 2, p. 19). 
Wenlnger 's ln-depth analyses do. In fact, constitute a criteria 
of relevance and validity of our outcome space. This presenta- 
tion Is based on our outcome space* 

In his presentation, Wenlnger seems to adopt the attitude that 
amount of substance Is a quantity that should be deleted fron 
SI. The problem of the transition between discontinuity and 
continuity Is still present In his presentation and Is focused 
on Nq (Olerks, Wenlnger, and Herron, 1985). Wenlnger Introduces 
the •concept" of •hen". 

It should be noted that Wenlnger does not dlcuss the propor- 
tionalities from the A- form perspective, as we do here. Our 
aim, on the other hand, has been to make a presentation based 
on our results, that Is as logical as possible and satisfies 
Si's requirements. Si's requirements have been followed, e. g. 
by McGlashan (1979) In his textbook on classical thermodynamics. 
He quantifies exclusively with continuous quantities (e. g. the 
gas laws) . 

Wenlnger 1 s view that chemical calculations should be based on 
the number of elementary entitles Is unassailable from the 
standpoint of chemistry. However, a normative element In 
chemistry didactics has emerged, formulated by the scientific 
community through IUPAP and IUPAC. The "SI system 11 must be 
followed In accordance with agreements (e. g. In Sweden: see 
Aktuellt fran SkolOverstyrelsen 1964/65:13, p. 193 /National 
Swedish Board of Education Newsletter/) . This requirement means 
that the concept amount of substance must be taught. We are 
aware that two perspectives come Into conflict with each other 
here. One perspective - which has a historical basis - 
where the "mole concept" Is referred to (Rleffer, 1962), and a 



physical science perspective which is most simply expressed 
by the equation: Quantity ■ Numerical value • Unit. The 
structure baaed on the formation of physical science will now 
also apply to the quantity amount of substance in addition to 
length, mass, time, etc. The physical science approach in 
chemistry teaching has clearly not found acceptance so far. 
This was one of the results of our study of Swedish textbooks. 

We would also like to point out that HolmetrOm (1970) presented 
a teaching method which includes the term "tanesmtagd", where 
our proportionality (2) is given. The substance* s "molar 
mass", however, is given by the ratio M • 2. Porportionali- 
ties are recommended in Sast German chemistry didactic litera- 
ture in particular (wensl, 1969, Arndt, 1973, Schellenberg , 
1974, Buschman, 1975, Leltt, 1979) and in West Germany by 
Merkel (1977, 1978) as we noticed recently} better coordina- 
tion between chemistry and mathematics teaching is also argued 
for* We intend to return to a discussion of these papers in 
another context. Xn our presentation, we have tried to avoid 
the ambiguities we found in our study of the relevant litera- 
ture. Our presentation is supported by the following line of 
reasoning: 

"The amount of substance is proportional to the number of 
$p*eifi*d elementary entities of that substance. The 
proportionality factor is the same for all substances i its 
reciprocal is the Avogadro constant." (IUPAC, 1979, p. 5) 

This means that our proportionality (2) has the following form 
in IUPAC* s document: 

(2 1 ) n m -L • n 
tt A 
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The relations (2') and (2) are identical, but the way in which 
they are written can indicate a alight difference in approach. 
In our presentation, the amount of substance is focused on) it 
is in the position of the first coordinate in the first pair of 
values (x. y) and in the functional relation y • k . x. The 
way of thinking revealed by XUFAC's document suggests that it 
is the number that is focused on; the number signified by the 
definition of 1 mol. 

We know that NcGlashan played an important role in the introduc- 
tion of th* quantity amount of substance and that it was 
McGlashan who prepared the text of the document when XUPAC'o 
decisions and views were presented. The presentation given 
here may give the reader the impression that we are wholly in 
favour of using the quantity amount of substance . Like McGlashan 
(1977), we are of the opinion that if the quantity amount of 
substance and its 31 unit are to be used, then they should be 
used correctly, i. e. so that they satisfy the requirements of 
quantity calculus. This is one aspect. The other aspect is 
that science can manage without the quantity amount of sub- 
stance since it is not necessary. This has been pointed out 
by McGlashan (1977) and claimed on other grounds by tteninger 
(1983). Furthermore, there may well be other acceptable views 
not discussed here. 
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FUTUROLOGY AND EDUCATION OF PHYSICS AND CHEMISTRY TEACHERS 
V.P.J. Meisalo. 

Department of Teacher Education. University of Helsinki 
Ratakatu 2. SF-00120 Helsinki. Finland. 

Introduction 

The need for the futurological perspective in teacher educa- 
tion is obvious: Schools educate pupils for adult life, which begins 
after few school, years. However, teachers should be able to control 
this educational process over all of their professional years. This 
means usually a time span of 30 - 40 years. Today we should educate our 
trainees to be ready in time for the two thousand and twenties. Those 
needs are probably even more different from the present ones than the 
present are from the needs of the immediate post-war society. In any 
case, the possibilities for accurate predictions are growing smaller 
and smaller in the rapidly changing society. 

Aspects of teacher education affected by the futurological perspective. 

Teacher education is affected on all levels by the expecta- 
tions for the future. First, it is obvious, that in a rapidly develop- 
ing society it is impossible to rely on pre-service education of teach- 
ers only, but in-service education is growing more and more important. 
In-service education provides for the need of flexibility in the 
organisation of teacher education. In countries with teacher education 
on the academic level a lengthening of pre-service education is already 
disadvantageous - here the quality instead of quantity should be empha- 
sized. In cases where in-service education is well developed, it should 
be defended against any cutbacks. One of the main goals in teacher 
_ education should be a positive attitude to continuous education. Teach- 
ers should act also as models of behaviour for their pupils by active 
participation in programs of continuous education. 

The second aspect of teacher education having a new emphasis 
is the way of analysing teaching and learning. While in the past we 
relied mainly onthe experience of "good'* teachers, there is a positive 
need for the use of more general and reliable research data as the 
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basis of decision -making in teacher education. This calls for the 
science of science teaching , which term was publicized already In the 
name of the wellknown book by Shayer & Adey (1981). There are also 
implications for differentiation to didactics of chemistry , didactics 
of physics , etc. in several countries. The differentiation can be seen 
also in the didactical literature, where we have books for didactics of 
most if not all school subjects. The different subject didactics are 
also to be fields of active research and the research should be in 
close connection with teacher education. (See for instance KOhler. 
1975). 

The complementary roles of a scientist active in didactical 
research and a school teacher in his/her daily work are presented in 
the diagrams below. A scientist is working on the basis of data from 
the classroom and, striving for generalisations, models and theories. A 
teacher wishes to select the most relevant of available theories for 
resolving current didactical problems in the classroan. 

There are several aspects in the new way of thinking needed in 
the future of all teachers and especially in teacher education. One 
view is based on the idea of didactically thinking teacher, which has 
been promoted by Koskenniemi (1978). Another is the general view of 
teaching and learning as a process. The goals given in the curriculum 
serve as the reference level in the evaluation. Evaluation in turn 
provides feedback to the process. This seems to be a fruitful approach 
in the education of science teachers, probably due to obvious analogies 
to industrial processes and automata. 

We have entered the age of information. Its influence can be 
seen everywhere in the society, and especially as the flood of new 
research data in the natural sciences. As noted e.g. by Heikkinen 
(1984). this means that we are knowing every day smaller and smaller 
portion of the information, which we should be familiar with at least 
in our primary field of interest. In the Finnish national epos Kalevala 
there is a frequently repeated idea, that to be able to gain power over 
something, one has to know its origin, its birth. This wisdom of an- 
cient poems is most valid even today. In the natural sciences the 
origin of knowledge is in a scientific experiment. (In schools experi- 



ments take the form of either 




:her demonstrations or student i a bora- 



tory work.) Only the knowledge of the origin of information gives us 
the ability to estimate its accuracy and reliability as well as helps 
in evaluating its relevance. In the present information age one has to 
learn also skills of information management: how to store, classify, 
rearrange, update, and activate information. This happens all the time 
in one's memory, but the abilities to perform these operations in a 
computer environment are becoming more and more important. 

One of the major differences between the world, where our 
present students in teacher education live, and that of their future 
pupils, is due to the microprocessor and its various applications. 
There has been so much discussion about problems of computer education 
taking as an example the fact that some pupils know far more about home 
computers and their programing than their techers. However, this 
situation is no handicap for teachers ar far as they know specifically, 
how to use the computer as a tool for solving problems related to 
teaching of his or her subject. 

It is seen that in the future there may be a flood of mass- 
produced goods and information, but one of the bottlenecks may be the 
creative problem solving and individual personal attendance. Communica- 
tion skills are important for teachers, but they should also be able to 
grow in their pupils the skills needed in team work, hunan communica- 
tion, observance to other people (related e.g. to safe working proce- 
dures), etc. 

In the future, anything that can be made by automata, will be 
automatised and this will lead to reduction of human involvement. This 
applies both to mechanical work and algorithmic thinking etc. The most 
important human contribution may be related to moral and human values - 
and these should be more and more in foreground in schools. Human value 
skills include the ability to know one's own skills and abilities, 
possibilities for action in each situation, as well as ability to set 
one's individual goals. An industrial executive may see this as a 
creation of a personal development project for everybody. Every teacher 
should be prepared to act as an adviser and consultant for each pupil. 
Tliis is not a task for teachers of humanities only, but it will be 
Important for future chemists and physicists, technicians, etc. to have 
a sense for responsibility, feeling for justice, and so on. 



Practical aspects of teacher education 

The above considerations have been largely on a theoretical 
level, but there are major alterations to the present practice of 
teacher education, if their implications are fully taken into account 
in the development of future curricula. Me are able to consider here 
only a few examples. 

The general trend in the Nordic countries in school adminis- 
tration from centralism towards increasing responsibility on local 
level has to be observed also in teacher education. Each trainee should 
know different teaching methods and be able to study individually 
essential dimensions of teaching-learning situation. In teaching of 
physics and chemistry it is fruitful to take these dimensions as 1) 
toman exchange vs. independence. 2) Connection to the real world, and 
3) The method of inference. The fourth dimension would be the personal 
growth of the pupil. 

The trainees should be also able to write a minor thesis 
based on original data from schools, authentic learning material or 
equivalent. Thus each teacher would have an idea of the origin of the 
data as the basis for didactical decision making. The emphasis shall 
not be in the content of teaching but in the flexibility and creative 
atmosphere in 'the classroom. Ml general ideas are to be imbedded in 
teaching of different subjects - they cannot be brought to the pupils 
in isolation. 

The school laboratory should maintain its Importance in the 
training of chemistry and physics teachers. All teacher education, 
including in-service courses, should have access to good school labora- 
tories, computer facilities, electronics workshops and mechanical work* 
shops etc. as well as to active school classes, if possible. In train* 
ing for teaching in the school laboratory, more emphasis should be 
given to promoting abilities for supervising student laboratory work 
than for performing demonstrations. The demonstrations are not only for 
showing the skills of the teacher, but to let pupils in direct contact 
with real world and the phenomena. 
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Conmunication between schools and the surrounding society 
should be promoted. Parents form a natural interest group, but local 
industry should not be forgotten by chemistry and physics teachers. 
School projects connected to technology and industrial production give 
also local flavor to the school curriculum. Visitor exchange schemes 
between schools and industry, administration, etc. should be developed* 
School could be seen as local knowledge and skill centers. Teacher 
education should prepare trainees for these features of future profes- 
sional life. too. 

Finally, it has to be emphasized, that international connect* 
ions in teacher education should be facilitated. Teacher education as 
well as schooling in general should reach international standards. 
Departments of teacher education as well as all teachers should have 
access to new ideas through international networks. This does not mean, 
that national features of education should be suppressed. On the con* 
trary. each nation has the most to contribute from her own background, 
from ancient traditions to modern specialized industries; and contri- 
buting a fresh flavor to the international culture. 
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FIGURE 1. Olfferent theories and models are constructed on the basis of 
experience and research data from the classroom. This diagram Is visu- 
alising the flow of Information and other influence from practical to 
theoretical level. 



256 



ERIC 




FIGURE 2. The didactically thinking teacher extracts the essential 
problems fron the classroon situation and decides on teacher action on 
the basis of interpretation of various theories or models in the class- 
roon situation. This visualises also the flow of information from 
theoretical to practical l**f£$y 
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FIGURE 3* Teaching and learning as a process. Tor the feedback one is 
comparing the learning products with the original aims and goals. This 
feedback is steering the process on different levels. 




FIGURE 4. The essential dimensions in chemistry and physics teaching 
can be taken as X : Human exchange vs. independence with values Xj 
teacher centered. X 2 group oriented, and X 3 pupil oriented independent 
work. Dimension Y is then connection to real world, with Yj as through 
mathematical or other abstract models. Y 2 through concrete models and 
pictures, and Y3 through direct observations and experiments. The 
dimension Z. the method of inference gets the values Zt deductive 
reasoning. Z 2 inductive reasoning, and Z 3 reasoning through analogies. 
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SCIENCE AND SOCIETY IN PERSPECTIVE - A NEW COURSE FOR THE DANISH UPPER 
SECONDARY SCHOOLS. 

Henry Nielsen and Poul Y.Thomsen 
Institute of Physics 
University of Aarhus, Denmark. 



ABSTRACT 

A new science course entitled "Science and Society 1n Perspective" 
1s 1n the process of being developed. It 1s planned to be used 1n 
physics teaching following the newly revised physics syllabus for 
Danish upper secondary schools. Below we present the project Its 
background and Its philosophy. 

Background 

There can bt no doubt that the existing physics syllabus guaran- 
tees that physics teaching 1n the Danish upper secondary schools 1s com- 
pletely dominated by the presentation of scientific methods and scienti- 
fic results as these are perceived by the physics comnunlty of today. 
There can also be no doubt that these aspects are bound to be extremely 
Important Ingredients 1n any serious physics education at this age level 
(16-19 years of age). However, one should be aware that the present 
rather narrow science centered physics teaching, which has predominated 
1n all western countries since the large curriculum projects of the 
sixties, seems to have had several unwanted consequences. Many Investiga- 
tions 1n this country 1,2 as well as abroad reveal that students 1n 
general (and girls 1n particular)* consider physics to be the most diffi- 
cult subject 1n secondary school. Apart from those who are aiming at a 
higher education 1n natural science or engineering, students also com- 
plain that physics has little connection with other school subjects 
(apart from mathematics, of course) and has only little relevance to 
their lives. Physics to them seems to be a rather static subject, with 



only a few weak and diffuse links with society. The enormous Influence of 
physics * good and bad - as one of the major driving forces behind the 
technological and cultural developments of modern society seem to be an 
almost unknown land for them. 

In all western countries these findings have given rise to serious 
concern among professional physicists, educational scientists and science 
teachers, and a considerable amount of revision work 1s now 1n progress. 
Perhaps the most significant of these new physics projects 1s the Dutch 
PLON-project 3 , which 1s directed towards physics education at secondary 
as well as early tertiary level and which represents a major effort to 
provide a radical alternative to traditional physics teaching. Unfortu- 
nately, I shall not have time to say more about this Interesting project, 
but I suspect that most of you are already quite familiar with it. 

Although not on the same grand scale there has also been Inter- 
esting developments 1n Denmark during the last few years: For example, a 
couple of Danish research projects have provided a substantial amount of 
evidence on the attitudes of teachers and of secondary school students 
towards physics. Partly as a result of this evidence, the Physics 
Teachers Association recently produced a detailed proposal 4 for a new 
physics syllabus for the Danish upper secondary school, a proposal which 
has been debated quite a lot since then, and which will be discussed 
later at this conference. Consequently I shall not go into details but 
just mention very briefly two of the main changes which would result from 
this proposal. One 1s a much heavier emphasis on new technology, e.g. 
energy technology and Information technology, as compared to the present 
situation. The second Is the Introduction of a new compulsory physics 
topic, which 1n the lack of a better name has been called "The scientific 
view of the world". This new topic 1s only vaguely described 1n the 
syllabus proposal, although 1t 1s said that 

1t must put the other physics topics 1n perspective 1n order 
that the students can better appreciate physics as a form of 
understanding which 1s dynamical 1n character and which develops 
In connection with other forms of understanding". 

Although we have taken part 1n the debate and expressed certain 
reservations towards the proposed syllabus 1n Its present form, 1t should 
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be emphasised that we are quite sympathetic to the Intentions behind the 
syllabus. We thus agree, that there 1s a rather strong case for Including 
more technology and more contact to society 1n the physics classes. How- 
ever, one should also be aware of the fact that there 1s no tradition for 
teaching such topics 1n Danish physics courses. A substantial amount of 
In-service teacher training and a substantial amount of currlcular 
material development will thus have to be organized; otherwise the new 
physics syllabus wlllnot be succesful, and many teachers and students 
will soon develop negative feelings towards 1t. Such activities should 
thus be given a high priority and stimulated 1n every possible way. 

Already 1n 1982 at the Institute of Physics, University of Aarhus, 
we created what has been called The Aarhus School Physics Workshop 5 . From 
its start 1t was meant to be a forum for frequent and Informal 
discussions between physics teachers from the University and from the 
neighbouring upper secondary schools but 1t has gradually developed Into 
a number of working groups which are concerned with the development of 
new physics course material. One of these groups selects or develops a 
large number of simple demonstration experiments for use 1n physics 
teaching. Another group has developed a very transparent and cheap 
microcomputer with the aim of being able to explain to students how 
microcomputers really compute. A third group works on the socalled Girls 
and Physics-problem, and finally a fourth group, consisting of 3 univer- 
sity teachers and 4 gymnasium teachers has started a project aimed at 
producing a series of books on "Science and Society 1n Perspective". The 
Intention 1s that the books should be of use 1n physics teaching based on 
the proposed physics syllabus for the Danish upper secondary schools. And 
1t 1s the philosophy underlying this last project to which we shall now 
turn. 

Philosophy 

Very briefly the aim of the project 1s to create a series of books 
which can give the students a feeling for the evolution of science, an 
understanding of the role of science 1n the cultural and technological 
development of the Industrial society, and last but not least an 
understanding of science as a human activity. We believe that these alms 
can be achieved by letting each book be centered around the evolution of 
a certain scientific Idea through a historic period - long or short - in 
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which the scientific view of the world or the Interplay between science, 
technology and society underwent radical changes. A few examples are: 

- The transition from the Ptolemaic to the Copernlcan world-pic- 
ture 

- Theories of heat and the Industrial revolution 

- E1ectromagnet1sm and the electrification of society 
• The transition from classical to quantum physics 

Apart form a few well known anecdote?; about the great scientists 
of the past, 1t 1s quite comnon to completely leave out the historical 
dimension from physics teaching. We are certainly not advocating that 
physics teaching 1n general should follow the historic development 1n any 
strict sense; that would be an absurd waste of time and even Impossible 
1n principle because the students cannot realistically be put Into the 
scientist's situation of say, 200 years ago. We believe, however, that 
the students should - occasionally - experience physics (or chemistry) as 
the dynamical science 1t really 1s. In science history one can find many 
good examples to Illustrate that a scientific theory which had almost 
been accepted as a God-g1ven truth, came under an Increasing pressure 
because of the discovery of new phenomena which could not be accounted 
for by the old theory. Sooner or later the pressure became so Intense 
that the old theory had to be abandoned or at least strongly modified, 
and a new theory put Into Its place. 8ut the transition from one way of 
viewing Nature to another, which may be radically dlfferenti 1s never 
painless and the transition 1s not only the result of great scientists 
objectively searching for the truth. Scientists have subjective sympathi- 
es and opinions just like other people and those who have been the 
strongest defenders of the old theory will usually have great difficulti- 
es 1n accepting the new theory - even long after this has been accepted 
by the majority of scientists 1n the field. By studying and discussing a 
few well chosen examples of this kind the students will hopefully get a 
feeling for science as a dynamical and very human activity, and they may 
thus obtain a more realistic view of scientists than the usual 
stereotyped picture where scientists are surrounded by an aura of almost 
unlimited authority. 

In addlton to the above mentioned Internal driving forces behind 
the evolution of scientific Ideas the students should also be confronted 



with historical as well as modern examples showing that the development 
of science 1s often Intimately connected with the development of society 
- politically, culturally or technologically. Thus 1t seems to be a 
historical fact that the heliocentric system, as put forward by 
Copernicus 1n 1543, was used as an argument 1n favour of the social order 
which became dominant during the Renaissance, namely the absolute 
monarchy with the (Sun) King as the central power everybody had to obey 
and respect. But changing conceptions of the structure appropriate to 
society were also of critical Importance 1n the acceptance of the new 
theory of the cosmos. To quote Hutchison 6 : "In renaissance Iconography the 
Sun was a slgnlfyer of Kings, and the Earth a slgnlfyer of man, with the 
result that Important political symbolism was attached to the geocentric 
and hellostatlc world-Images. The former represented the medieval Ideal 
of a loosely ordered man-centred monarchy, while the latter represented 
the baroque Ideal of a tightly-ordered monarch-centered mankind. The 
Ptolemaic theory thus clashed with the Ideology of power promulgated by 
the ascendant centralists of late renaissance Europe. The hellostatlc 
theory, by contrast, appeared to offer divine endorsement. Through this 
symbolism, a strong prima fade case can be made that political factors 
were causally Implicated 1n the Copernlcan Revolution". 

As an example of the science-technology Interaction we may notice 
that the modern theory of heat (Thermodynamics) was developed a long time 
after the steam engine had been Invented. Indeed, the working steam 
engine represented a great challenge to the scientists of the 18th and 
19th centuries/ and 1t 1s thus fair to say that physics owes more to the 
technological development during the Industrial revolution than technolo- 
gy owes to physics. The situation 1s completely different for electromag- 
net sm f however, since there 1s a SO year engineering lag between the 
discovery of the basic laws of Induction and the first working electric 
generators. The electrification of society could thus never have been 
achieved without the foregoing Intense research 1n pure science with the 
sole objective of uniting the two forces of nature, electricity and 
magnetism. And, as a final example, 1t 1s quite obvious that the 
extremely fast progress 1n all areas of solid state physics during the 
last few decades could never have been achieved without the support given 
by mighty military and economic Interests to this field. 




Ideas like the ones just mentioned are supposed to penetrate the 
planned series of books, and hopefully this may then be of help 1n 
building a bridge between the two cultures represented by the humanistic 
and the scientific subjects 1n the upper secondary school. We certainly 
have the Intention of Including 1n the books a number of connections to 
Other school subjects * history and social science, 1n particular * in 
order to facilitate cooperation between subjects which at present have 
very little tradition for cooperation 1n the Danish upper secondary 
school. 



Further details about the project 

In order to give you a more specific Idea about the project and 
Its current status we present below the 11st of books which are somewhere 
1n the process of evolving from first Idea to final product. But 1t 
should be stressed at once that we give no guarantee that all the books 
will be published * and if they do, 1t may be under other titles than the 
ones below: 

1. The Ptolemaic and the Copernlcan world views 

2. Ar1stot1e-Ga111e1-Newton 

3. From alchemla to chemistry 

4. Theories of heat and the Industrial revolution 

5. Electromagnetlsm and the electrification of society 

6. What 1s light? 

7. The theory of relativity 

8. The transition from classical to quantum physics 

9. Modern Chemistry and the life processes 
10. Man and the universe 

Although this represents a rather lenghtly 11st, 1t 1s of course 
very easy to make 1t even longer! Thus we must admit that we have so far 
not included any of such Interesting and very up to date themes such as 
physics and the arms race, the chemical Industry and the environment, the 
development of the transistor, physics and communication etc, etc. All 
such themes seem very Interesting and they would all serve to cast light 
on the relation between science, technology and society right now, which 
1s certainly of extremely Importance. For the time being we think this 
will have to wait, but may bt,«p. w1 1 1 change our minds. 
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All the members of the team of authors agree on the main Issues of 
the project but clearly there are also divergent opinions when 1t comes 
to details concerning the selection and presentation of suitable material 
for a particular book. Consequently we have chosen to let each book be 
written by one or at most two authors, but he (they) will certainly 
receive a lot of advice, suggestions and constructive criticism from the 
rest of the group. It 1s thus unavoidable that the books, when they 
finally get published, will have different styles, but 1s this really a 
weakness? We do not think so, we rather believe that the books m&y become 
more fresh and Inspiring 1n the way we have chosen. 

We plan to write the books so that most of them can be used 
already 1n the first or second year of the upper secondary school. We 
simply want these books to be read when they fit 1n with the "normal" 
physics teaching - we do not want them to be some sort of appendix which 
the students do not take very seriously. Consequently the physics 
(chemistry) 1n the books will be held at an elementary level. We shall 
concentrate on presenting really fundamental physical concepts and Ideas 
as clearly as possible, and we will not bother to elaborate difficult 
mathematical formalism. 

Finally 1t should be mentioned that the books will be published by 
F/K-forlaget, a small non-profit publishing company run by the Associa- 
tion of Physics and Chemistry Teachers. 
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SCIENCE, TECHNOLOGY AND DEMO CHAT I Z AT ION 
- the curriculum of tomorrow? 

Albert Chr. Paulsen, IMFUFA, Roskilde University Centre, 
P.O.Box 260, 4000 Roskilde, Denmark 

Introduction 

The concern of this paper Is the significance of Science 
and Technology Education for Democratization. These. Words are 
somewhat bombastic. Others have called It education for demo* 
cratlc control. The purpose of this education 1s to give the 
student an understanding of Science and Technology which 
enables her to make decisions 1n matters about Science and 
Technology of Importance to her future social .and vocational 
life. The considerations are mainly seen from the viewpoint 
of a physlcsteacher and the paper Is a preliminary outline. 

The understanding of scientific principles has always 
been considered necessary for understanding and mastery of 
Technology. It was one of the reasons for Implementing 
Science Education In schools In the last century. 

Also 1n the 1960's. where the progress of Science 
Education almost revolutionary was advanced. Technology 
was recognized as an Important educational matter. But 
Technology was only conceived as applied Science. Because 
Technology 1s ever changing and developing the rationale of 
education was to teach the persistent and lasting principles 
and concepts of Science. The scientific disciplines developed 
by mankind endowed the future citizen with the necessary 
knowledge to understand and master Technology. 

The scientific method was believed to be tfc* rational 
and powerful Instrument for decisionmaking . For some 



educators this was not only valid 1n the context of Science 
and Technology, but also 1n the social and political life of 
the people. 



The apparent success echnology brought 

along an optimism about futw« development which Influenced 
the way of thinking 1n many fields of research and dally 
life. This optimism 1s reflected 1n Science curricula and 
learning material . 

In connection with the risings against authorities of 
many kinds 1n the late 1960's the scientific and technologi- 
cal development loaded with expertise was severely questio- 
ned. This applies especially 1n areas like weapons/nuclear 
power, polluting Industries and several other negativoissues 
of the technological development. A gap between technological 
optimism and the attitude 1n people who find themselves 
alienated and overruled by experts became obvious. Ever 
since political decisions have be considerably Influenced 
by the debate of the negative Issues and consequences of 
technological development. 

Science-teaching an d the constitution of SHanr* a*a 
Technology. 

In spite of the negative attitude* towards Science and 
1n spite of decreasing recruitment to especially Physical 
Science the changes 1n Science teaching have been very 
little since the 1960's. Especially 1s Technology and techno- 
logical development still believed to be understandable by 
application of scientific concepts, principles and theories. 
Influence on decisions made in the technological field of 
Society 1s consequently gained by the aqu1s1t1on and the 
mastery of scientific theories and a special scientific 
way of thinking. The educational philosophy of the 
dlsdplintcentered curriculum of the 1960 f s 1s still the 



basic Idea In most Science teaching today. 

But the critical mind of the student conceives the 
scientific theories, principles and concepts as detached 
from reality and Science -aching material reflecting 
optimism about the technological development as outdated. 

Teaching material about Technology explains techniques 
and technical devices by means of scientific theories. 
The generation of the teachers was enthusiastic about 
explanations and was* asking questions about "Why", The 
generation of to day is asking questions about "How It 
can be used" for planning, for solving practical problems. 

The Science teaching of today appeals to students who 
like to explain and construct. The generation of to day 
wants to recognize and Identify human problems and solve 
them by means of technology. 

The demand for qualifications In the social aspects of 
Technology Is. needed with respect to democratization. It Is 
also very much needed by Industry. 

This does not Imply that scientific theories are less 
significant. On the contrary they are more Important than 
ever, but they are not sufficient neither for the democra- 
tization of social life nor for vocational life. The 
crucial point Is the constitution of Science and Technology. 

Science and Technology Is today a tangled matter, 
but* the endeavour of Science Is different from the endeavour 
of Technology. 



The endeavour of Science Is knowledge and belief 
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about natural phenomena. The endeavour of Technology 1s know- 
ledge about human needs. 

The U*4^tUn : ScU. ^ 1s "truth". The Intention of 
Technology 1s relevance to ,u$an needs. 

Consequently Technology 1s not understandable without 
Its Historical and social context. 

The teaching of Science and Technology In the s. 

There are several attempts to overcome the need for 
Science Education which 1 s not detached from the technolo- 
gical world outside the school. In most countries that kind 
of teaching are extra-curricular activities. The following 
1s a short and preliminary framework for classification of 
teaching activities concerning Science and Technology. 

1. Technic, and technical material. 
The teaching material conslstaof a de- 
scription of technical topics and technical material. It 
also may Include practical activities like Inspection of. 
technical devices and experimentation. 
Examples: Motorcars* photography, the nuclear reactor, 
electronical devices. 

The teaching activities may be multldlsdpllnary, but 
concentrate on the technical side of a technology. The 
Intention of these activities is usually to make students 
acquainted wlthcurrent technology. The activities focus 
on and are motivated by the technical side. 

Some topics are Immediately Interesting beyond their 
technical side. This applies to topics like alternative 
energy or weapons. But they are interesting by virtue of 
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their soda! and political relevance and not by the technical 
side. 

If this kind of activities is carried out without their 
social, ethical and political Implication they are very short- 
sighted and of little educational significances far as 
democratization 1s concerned. If they are furthermore without 
any signlflcancefor the learning of basic scientific theories 
they may end up as Isolated, obsolete, almost forgotten know- 
ledge about funny things from an outdated technology. 

2. Decisionmaking games. 

A decisionmaking game 1s an artificial scenario demanding 
a decision, which can be arrived at by following given rules. 
The game u* <ally contains a simulation representing central 
features from real life situations. 

Examples: To decide whether to place a polluting Industry 
1n an unemployment area or not. 

To decide the site of a nuclear powerplant. 

To decide how to comply with the need for energy 1n 
a hypothetical area. 

The scenario 1n the last example may be a description 
of an area with a need for energy over a span of time. There 
also are given the data of several, possible energy euppliea. 
The students then have to discuss and to decide which 
supply they want and where they want to place 1t 1n the area. 
Although there are some features of decisionmaking present, 
the premisses for the proceseare given and mostly the social 
aspects are very limited and the political aspects and 
Interests are absent. Usually games give the Impression 
that decisionmaking 1n society 1s a rational process 
relying on rational human beings. This fact together with 



272 



given premisses limits the field of possible decisions. 

Although games represent some Important features of 
decisionmaking 1n sodety t the mentioned limitations are 
potential Instruments for manipulating the decision of:the 
students. 

3. Cases. . 

Cases are multldlsclpllnary analyses and examinations of 
real lift situations. They art carried out In order to illu- 
strate special or general characteristics of a technological 
development. The real life situation Is treated in coherence 
with the historical and social/political background. 

Examples: Galilei , Silicon Valley, The Seveso Accident, 
The Three Mile Island Accident. 

Historical cases *re of great slgnl fl caneo for understan- 
ding technological development. They have an educational 
potential for future decisionmaking processes. A more direct 
impact on the decisionmaking by - and opinions of - the 
students are cases concerning technology In our own time. 
While the framework of understanding and comprehending 
historical cases often are well-established, cases from our 
own time are much more open for social and political 
valuation. 

Case stories have a substantial potential for In- 
fluencing future decisionmaking, and yet they tend to be 
controversial. On the other hand cases have a substantial 
potential for learning about the decisionmaking process. 

The material for case stories is normally de- 
livered by the teacher to the student.' It Is a story, 
which 1s told to the student. The way It Is told, will 
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of course Influence the opinion of the students. This 1s 
inevitable and must be realised by the teacher and the 
student. 

4. Projects. . 

A project 1s a muU1d1sdp11nary Investigation by the 
student Into. a real life situation. A project differs from 
a case 1n the degree of decisionmaking by the student about 
his own Investigation. In a case* the student will get In- 
formation for the examination of a situation. In a project 
the student has to gather Information on his own. 
Projects are closer to the real life situation. The topics 
for projects may be historical or about current matters. 

Examples: Noise 1n a factory. A1r Pollution. Heat supply 
1n a local community. 

Projectorganlzed teaching 1$ a powerful educational mean 
for democratization. Especially current decisions 1n the lo- 
cal communities, which have a direct Influence on the dally 
life of the citizen* are suitable for projects concerning 
decisionmaking. The process 1s going on Just outside and 
the people, who have to make the decisions, are at hand. 
This provides the students with a real life situation where 
all the scientific* technical, social, and political aspects 
can be studied. 

tn Denmark some schools took the advantage of a current 
local issue. They organized projects about the energy sup* 
ply for the local communities. Other problems like water- 
supply* pollution/ conservation of nature etc. are Issues 
for projects as well as global problems. 
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Curriculum problems with Science and Technology teaching 
for democratization. 

1. Acceptance or democratic control. 

The optimism about technological development, which was 
so obvious 20 years ago, st111 remains in much Science teach- 
ing. Enthusiasm about technical refinements may be more 
predominant than consequences for the society. Technological 
development may be represented as Inevitable and necessary - 
without any alternative. That kind of teaching may create ■ 
an attitude of acceptance of decisions made by others rather 
then the will and the skill to participate in a democratic 
process of control. The philosophical idea which brings 
Science and Technology into the classroom Is crucial. Because 
the Intention of Technology Is relevance for human needs. 
1t Is not enough "Just to tell the scientific facts". 
Looking through the 4 categories of teaching activities 
identified above, the educational potential for democratiza- 
tion is dearly different. 

2. Democratization and controversialist!). 

The 4 categories also differ In their potential for con- 
troverslallsm. The teaching of Science and Technology In -a 
hlstorlal, social, ethical and political context will Inevi- 
tably bring more open political considerations Into the class- 
room. This may be a problem for some teachers and some schools. 

3. Multldlsclpllnarlty. 

Another problem for teachers and schools may be the mul- 
tldlsclpllnarlty of the subject. In schools where teachers are 
specialized In different disciplines* a multldl sclpllnary 
approach may be very difficult to establish unless teachers 
In several relevant disciplines are working together. 

4. The Impossible syllabus. 

Traditionally school 1 earning deals with estab! 1 shed 
systematized knowledge. A Science -curriculum deals with 
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scientific theories and concepts and Includes normally a 
syllabus. This 1s possible because Science 1s dealing with 
knowledge about nature. The rate of obsolescence 1s very low. 
Technology on the other hand 1s never and rapidly developing 
field. There 1s no established systemazlsed knowledge with 
theories and concepts* because technology 1s dealing with 
human needs with the Intension of relevance for mankind. 
It 1s not possible to give a syllabus. That would be to hand 
education over to obsolescence. The educational Impact of 
Technology teaching decreases with Increasing bindings 
to a syllabus. It Increases the distance from dally life of 
the students and hence the possibility for the student to 
discuss on his own about matters of concern. 

5. The problem of relevance. 

In consequence of the Impossibility of a syllabus there 
is the problem of selecting relevant topics for teaching. 
Education must have * by definition - some generality, a po- 
tential for future citizenship. The general and theoretical 
content of the learning process must be secured by the 
teacher. 

Especially case-studies and projects may tend to 
practice without the load of general theories. 

By experience students often are motivated by a nearby 
practical problem. The students may be very enthusiastic 
about practicising science, Interviewing people, discussing 
local affairs etc. The educational impact is however resting 
on generalizing their experience and the acquisition of 
theories. The necessity of theory is not always realized or 
recognized by the student. 

6. The role of scientific theory. 

It is not possible to conceive Technology without the 



276 



278 



social, ethical, and political context. But the social, ethical, 
and political context without the Involved scientific theories 
1s at the most scientific practice and an educational torso. 
It 1s to deceive education for democratization to pretend that 
decisions can be made in society today without the scientific 
theories. However the learning of scientific theories for 
application 1n current and future situations Is a very diffi- 
cult and slow process. Most school 1 earnl ng focusea rather on 
reproduction of theories for shortsighted evaluation than 
on developing concepts and theories over longer time. 

7. Cognitive demands. 

Investigations carried out In the last years have shown 
that the Impact of sd enceteachlng Is considerably low. 
The students cannot master simple dally llfe-sltqatlons by 
means of Science concepts and theories, which they otherwise 
should have "learned" In science lessons. Other research 
has shown that the cognitive demands of sclenceteachlng 
exceeds the cognitive capacity of the student. Much more 
research must be carried out to Implement sclenceteachlng. 
which ia within the cognitive capacity of the student, 
can be learned by the student and applied to new situations. 

A curriculum for tomorrow - a modest proposal. 

The problems of sclenceeducation. today are a great 

many. 

In a time, where Science and Technology become a rapidly 
Increasing Impact on the dally life of the citizen, Science 
education seems to get more and more trouble. The list below 
applies to Physics 

- it ia far too difficult 

- It is far from reality 

- It Is Irrelevant 

•■ It discriminates girls 

• there are too few qualified teachers 
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Partly because of all these problems sdenceteachlng and 
especially physlcsteacMng carries a far too low profile. 
Science ought to be much more predominant 1n education. 
Science ought to have more lessons. 

Science education ought to begin much earlier 1n schools. 

It 1s possible to Introduce science concepts very much 
earlier, if they are based on the children's own experience and 
experiments. When the studentaget older, they will get the 
capacity to understand more and more of the social, ethical, 
and political side of Science and Technology. Then multl- 
disciplinary activities concerning Science and Technology 
ought to be more than extra curricula* 

! would like to advance the following modest proposal: 

a) Science must have a place 1n primary teaching. 

b) Regular Science and Technology teaching must begin 1n 
the S. grade. f 

■A 

c) Regular Science and ^Technology teaching must have Zot 
of all lessons from the 5. to the 12. grade. 

Comment: 

tn the 5. and 6. grade science ought to focus on basic 
concepts. A11 learning ought to be based on the students' own 
experiments and real life experience. 

tn the 7. and 8. grade conceptual learning ought to con- 
tinue, but historical and simple real life cases and small 
projects may be performed. 

tn the 9., 10. . 11. and 12. grade cases and projects 
ought to be more predominant, but with the necessity of 
scientific theories 1n mind. 



On the top of this there may be a specialization 
especially 1n the 11. and 12. grade. 

d) To achieve the Implementation of more and better 
teaching 1n Science and Technology, Science teachers must 
be given better conditions and substantial in-service 
training 1n mu1t1d1sc1p11nary teaching. 

e) The preservice training of teachers 1n primary and 
secondary jchools must be far more extensive 1n Science 
and Technology. 

f ) Special otepa muat be taken to promote the teaching 

of girls and to encourage girls to be sdenceteachers. 
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APPENDIX. 



Transparencies displayed in connection with the presentation. 




'Technology 0 in Physics Ttsching 1920 - 1960. 
(Rastnusstn oq Simonstnt Pysik for tttlltmsfcoltn. Hssst 1920) 
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Technology as application of scientific theories. 

"What we expect" : The mastery of Technology by attained 
scientific concepts and theories. 
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PHY.'iCIS AND CHEMISTRY EXPERIMENTS WITH VERY SMALL COMPUTERS 
(ZX81 EQV.) 



C. Petresch 
Department of Physics 

Royal Danish School of Educational Studies 
Emdrupvej 101, DK-2400 Copenhagen NV 

Introduction 

The use of microcomputers opens up a large area of new topics 
in physics and chemistry education. In particular experiments 
of very long or very short duration ars carried out very easi- 
ly thanks to. the computer. In mechanics the computer makes 
calculations on one dimensional movement in a way tfc* students 
understand, based on the definition of velocity and acceleration. 
In wave-mechanics , travelling waves and interference is simulat- 
ed and in radioactivity the decay is simulated and measured. 
In chemistry, long term measurements on equilibrium system 
(Ph(red)+OHV PhOH~( colourless) Ph: Phenol f thai ein) can be 
carried out. 

The Sys tffi 

The system is based on a very cheap computer, the SINCLEAR 
2X81, with a programmable input/output port (INTEL 82SS A or 
eqv. ). The choice is based on the need of low price, a simple 
programming language (BASIC-) and the clearness of the comp- 
uters working principles. 

The Computer 

The 2X81 is available all over the world. It uses an ordinary 
B&W TV-set as monitor. The databus, addressbus and control 
signal are available in the back of the computer so it is very 
easy to connect the input/output port with the computer. 2X81 
is programmed in a version of BASIC. Many statements are one- 
stroke oriented f.inst. toujhina P on the keyboard the state- 




ment PRINT will occur in the line being written. The ZX81 has 
a built-in clock which can be "read" at the address 16436 and 
16437 by using the PEEK statement. The working memory of the 
2X81 is only IK byte but this is enough for many experiments 
and calculations. A better and more expensive choice could be 
the very popular COMMODORE 64 which offers a larger memory. 

The Port 

The circuit 8255A is a programmable triple input/output port. 
It needs the da tabus , four controlsignals RD, WR (read, write- 
active low) RESET and CS (chip selected-active low) and two 
address bits A and A, • A , A- , RD, WR and the databus are 

O 1 O X 

connected directly with the 2X81 expansion port. The RESET 
control signal from the 2X81 is inverted, and address bit 11 
and 14 and memory request MREQ from the 2X81 are combined (and 
lead) to form the CS signal and feed back to the 2X81 control 
bus as RAMC.S. (to prevent mix up of memory addresses). The 
three ports A, B, and C are "memory mapped" i.e. they are 
handled as if they were a part of the memory. The addresses 
are A:20000, B:20001 and C:20002 and the port function is pro- 
grammed in address 20003 by means of a code (see datasheet for 
8255A). This part has been a little bit technical but is of 
profound interest for those who want to build their own port. 

Accessories 

Many accessories have been built. A 12 bit binary counter with 
reset and input gate control, an analog to digital converter 
(ADC) to measure the voltage on transducers (light, pressure 
etc)* transmitter and receiver circuit on a fiber-optical 
link, digital to analog converter (DAC), traffic signal etc. 

All the accessories are connected to one or more of port A, 
B, and C. 
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Example 

Fig. 1 shows the 12 bit binary counting module. Together with 
the following programme the system acts as a counter in a 
experiment where the number of counts in 10 seconds are to be 
investigated. 



10 LET P*20001 
20 POKE P+2,131 



30 POKE P+1,16 
40 POKE P+1,32 



(The aduress of port B) 

(Port B and the lower four hits 
of port C are programmed as in- 
put and the upper four bits of 
port C are output. Bit C4 con- 
trols the reset function of the 
counter ahd bit CS controls the 
input gate) 

(Bit C4 high resets the counter) 
(Bit CS high opens the gate) 
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50 PAUSE 500 
60 POKE P+1,0 

70 LET N-PEEK P+256*?EEK(P+1 ) 

80 PRINT N 
90 GOTO 30 



(500 periods of 20 ms = 10 seconds 
pause) 

(Close the gate) 

(The number of counts is read 
by the computer) 



This is the "naked" programme from which the constructor can 
build on as he wants to do, with the only limitation of memory 
space and fantasy. It is very simple to modify the programme 
for special purposes, for instance investigate counting statis 
tics, half-life of a radioactive substance, background etc. 

Conclusion 

Even a simple system as described above is very useful in 
physics education on all levels and the low cost benefits the 
use, especially in developing countries. 
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THE UNDERSTANDING OF CHEMISTRY AMONG NORWEGIAN STUDENTS 
Vivi Rlngnes 

Department of Chemistry, University of Oslo 
P.b. 1033, Blindern 
0315 Oslo 3, Norway 



Research in chemical education 

Students 1 understanding of chemical concepts constitutes a new 
area of research in science education. Johnstone et al.(l) 
started up in 1970 identifying topic difficulties in chemistry. 
How are chemical concepts taught? What are the misconceptions? 
Are certain topics appearing too early in the curricula? Also 
the theories of Piaget (2) have been of major influence on 
science education in the last decades. Piaget 's work inspires 
researchers in different ways and mention must be given to 
Shaver's (?) analysis of the cognitive demands in Nuffield 
O-level chemistry course. Other researchers like Kempa (4) 
have investigated concept abstractness levels. Kempa stresses 
the Ausubelian (5) view that students* ability or failure to 
solve examination- type problems can be explained in terms of 
their cognitive structures and what thty already know. 
Rosalind Driver (6) has done research on alternative frame- 
works. In her book "The pupil as scientist" she emphasizes 
that children have built up sets of expectations and their 
own beliefs about a range of natural phenomena and these may 
differ from those the teacher wishes to develop. 

In the Nordic countries research in chemical education is 
up to now almost restricted to the studies done in Gothen- 
burg. Bjtfrn Andersson and collegues (7 a,b) have uncovered 
a series of alternative frameworks in connection with com- 
bustion and chemical reactions. I» Norway the results from 
the Second International Science Study, or SISS as we call 




ERIC 
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it, may be the catalysor for future work. This paper will deal 
with the results from SISS. 

The Second International Science Study (SISS ) 

SISS is one of the current projects directed by The Inter- 
national Association for the Evaluation of Educational 
Achievement (IEA) • The international centre for IEA's SISS- 
project is the Australian Council for Educational Research (8). 
SISS was conducted in some 40 countries the last 2 years both 
in eastern and western countries, in developed and developing 
countries* As the name indicates there has been a First ISS 
in which some 19 countries participated in 1971. The aim of 
both studies has been to develop a map of science education 
worldwide and thus explore: 

- the context within which science education takes place 

- the science curriculum 

- the teaching and learning practices 

- the outputs of the instruction 

In order to obtain such a map the SISS- ins trun-ents were: 

- 3 students' questionnaires w/ multiple-choice tests 

and attitude questions 

- 1 teachers' questionnaire w/ questions on background, 

possibility for in-service 
training etc. 

- 1 school questionnaire w/ questions on no. of classes 

in the science* students pr 
class etc. 

SISS should try to find connections between the: 

a) intended curriculum 
as defined by 
official syllabuses 
and text-books 




5 translated curriculum achieved 
as defined by curriculum 
teaching practices aa defined 

by students' 
achievettents 
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The target populations were all 10 year old pupils (pop. 1) , 
all 14 year old pupils (pop. 2) and the last year upper 
secondary students at pre-university level (pop. 3). In 
Norway population 1 was defined as pupils in grade 4. 
Permission was given to let population 2 consist of grade 9 
students instead of grade 8, as grade 9 is the last year of 
compulsory schooling in Norway. For population 3 every 
secondary school with preuniversity classes were asked to 
participate in the survey with one group. Population 3 was 
divided into subpopulations according to the science subject 
studied at the advanced level: 3 C (chemistry), 3 P (physics), 
3 8 (biology) . There were also subpopulations 3 N (non- 
science) and 3 M (mixed group of 3 Ci 3 B, 3 P and 3 N) . 

The notations used for the populations of interest in this 
article are as follows: 

4^ 4th grade students, population 1, no. of students * 
1280. 

9 9th grade students, population 2, no. of students * 
1479. 

12 C 12th grade, pre-university students specializing in 
chf.ixiftry, population 3 C, no. of students * 680. 

12 K 12th jrade, pre-university non-science students, 
no. of students - 1262. 

12 M 12th grade, mixed group of all students at pre- 
university level, no. of students « 2405. 



The SISS-instruments consisted of a core of international 
items and also optional national ones. The questionnaire 
for population 3 C for instance, contained in addition to 
the 30 international core items, 4 Norwegian constructed 
items . 

The results on the chemistry problems will in the following 
be given as percentage of students responding to each of 
the 4 distractors and the key question. The percentage of 
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students not responding to the item is written below 
dis tractor E. 

The results given are preliminary descriptive results* I shall, 
however, give some comments on the results. &3 a former teacher 
I'm always inclined to look for consequences for teaching from 
surveys and research. 



Results 



Let us start with an attitude question for population 21 



How do you 


like science ? 












Well 


Indifferently 


Poorly 






boys girls 


boys 


girls 


boys 


girls 


Chemistry 


43 17 


40 


41 


16 


40 


Physics 


45 14 


37 


39 


17 


45 


Biology 


26 38 


49 


51 


23 


10 



While some 40% of the boys enjoy the chemistry classes and 
only some 16% feel a dislike , the percentages were opposite 
for girls. The results are similar for physics, probably 
pointing to the fact that chemistry and physics are taught 
as an integrated subject in Norway at that level. I must 
add that there is only a slight difference between the 
sexes on the performance on chemistry problems in 
population 2. 

Chemistry is evaluated as the science subject with the 
least relevance to daily life. On the other hand, when the 
students get a practical task from the kitchen, they may 
not use their school knowledge to solve it. Look at this 
Piaget- inspired question on conservation: 
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4 


9 


7 


8 


9 




10.3 


2.7 


1 


1 


1 


A 


14.5 


19.0 


10 


13 


11 


B 


44.9 


35.9 


23 


23 


21 


C 


26.9 


34.7 


62 


60 


58 


D 


3.4 


3.8 


3 


3 


3 


£ 



There is 1000 grams of water 
in a saucepan. 200 grains of 
sugar is added. We stir until 
all the sugar has dissolved. 

The content in the saucepan 
will have a weight oft 

Less than 1000 grains 
Exactly 1000 grams 
1000- 1200 grams 
1200 grams 

More than 1200 grams 



3.9 



No rweg lan S wed 1 sh 

scored score* (ref. 7b) Norwegian Item. 

These scores might just propose an extensive degree of 
misconception* But, in fact, we don't know the actual reason 
why students choose each distractor. A multiple-choice 
question can only indicate areas of interest for a reaearcter. 
A more detailed understanding of the students 1 ideas may, 
however, be investigated through interviews. Andersson has 
used the same multiple-choice question for Swedish students 
and also Interviewed them. The students revealed a set of 
alternative frameworks causing them to give different 
responses. Some of the responses were: 

exactly 1000 g: sugar disappears, it is only water left, 
1000 - 1200 g : the weight of sugar is less when dis- 
solved than. as a solid, 
more than 1200g: the solution is thicker than water, and 
solid compounds weigh the most. 

The reason for Norway to using the same question is that 
similar patterns would indicate general statements. There 
is a saying that chemists always have solutions, but 
Norwegian chemistry students have probably not found them 

Y*t i ^JL-Jt\ V 
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With the limitation of the output of a multiple-choice 
question in mind, we may continue to study some of the 
answers and look for other areas of interest. 

The words "chemistry" and "chemicals" are in some countries 
almost synonymous for poison and danger. Was the situation 
similar in Norway ? We wanted to test the hypothesis that 
students distinguish between natural substances and 
chemical substances , and that students consider chemical 
substances to be harmful. This item was therefore given 
to all three populations: 













Which one of the following 
sentences expresses a 
correct statement? 


4 


9 


12 N 


12 M 






34.8 


20.6 


20.2 


11.3 


A 


Chemical substances do not 
belong in nature. Man has 
made them. 


14.4 


9.1 


4.6 


1.2 


B 


Natural substances can't 
be harmful. 


25.6 


18.2 


11.7 


4.3 


C 


Chemical substances are 
usually harmful. 


10.3 


28.1 


43.7 


73.5 


D* 


Natural substances are 
also chemical ones. 


14.2 


22.1 


13.7 


9.1 


£ 


Natural substances are 
composed of atoms while 
chemical substances are 
composed of molecules. 




1.8 


1 ;1 


0.6 




Norwegian item 




Among the younpst students the opinion that chemical 
substances are manmade was the prevailing one. Tuition or 
just the effect of aging f increases the percentage of students 
selecting the key question (D) , but even pre-university 
students think of chemical substances as not belonging to 
nature. Attention should also be given to the 9th grade, 
distractor .E.. The students probably think that a question 
on chemistry must be answered in terms of atoms and molecules. 
We have seen the same tendency in other surveys too. 

Are the mass-media to blame for the bad image of chemistry? 
You may look at 2 of the 4 pages on chemistry in a Norwegian 
text-book on theoretical subjects for grade 6. (Page 8) 
The heading is Poison and the text reads: 

"Some years ago it was customary to have chemical 
toilets in our cottages. People used chemistry substances 
to get rid of the smell. Chemistry substances don't belong 
in nature. M4n has made them artificially. But nature wan't 
have anything to do with these synthetic substances. They 
do damage to the nature." 

This was an example of how chemistry is presented in the 
text-books. X might add that the author is a journalist and 
not a scientist. 



Andre farer lurer p& livet 
i sjpen 



Del er ikki t>:4 mj*o tr ui«aunelig. Mta er dti lint it 
dencrden beiit fippelkuu i vcnkn, di? Mui|e hir bp 
(rodd del. Del er jo d goO pliu j tj^n. 0| U w vi ikkc 
menil del vikuitryii,Slikiintittvikfl|i. 
Fici koMli|lkyll» #r ultnfor Himtel wdcl forooca Ar 
liden vuUig il Icrittulkei limit tiylitilotQC line i u*n fa 
didroinjuofyQ. Dt h*00t iwrktaicil. o| d« Iwltlt bruki 
tymbftf Jfifr til IQunt luku. KjMiiki uofTir turn 



hAftifMr4<*i|4*ut 
itfMUiirlir**- 




OPTCAYEI 



ikU lil i niiurca. Del ir moneUent mikirh|ii dun pi 
kunuig mitt. 1 1920 vw ikl noen A tliM tlaflcr i havci eg 
inns>cne pA jonU. 1 (U| «r iki ik(t tun » <km. 

Nliwotr WefolkwrkloKlienutoii^fttoier. Yi 
vet mer om b«onUo fonkiclUiA Uemiikc uofrcoe virker 
pi livil i nUuitfl. Fir Uoddt vi il nil**** K|iv tlike 
Holier, brU din ntd o| lipl den m il iftiip Mer. 

AvfiU torn h»rcrtili OAiurca, blirbralt Mdat bftt oin til 
oyttift itofftr. Mca nauirt a vil ikk« wc I gj^rt mcd «te 
kunsilgc tioiTcnt. De gjtfr ibk pi Mim. 

Del tint ogU giiligc uoiTcr iaMuna. OiUo ven fadtgt 
for livel ovii de Wir bmkt i todre UflwAttpr enn del 
iom cf Mlurtig. El &Ukt MofT *r AviUi#fr. 

KviUtf lv blir biinl inott brukl i lemire. Del er el 
s#|vgjiit iloff, o| derwn du kauKrM itmuneter, vil du 
teil del irilkr iv Ucd ton tail kuier, 



I, Kitttf «i ivfoU i Vit d« on n**t mm tbr ikif 
1 Er del bm kjieniik* tlufbr ftoa ikU bpr Unci i ^*cnT 
). fir ^jftft dtn bul* MpfKlkuiai verdes. «ftcr<f dct ikkc Uikf 

Dtinmiivirtlditi. 
I, Hvtirfor tor a ikle Ink el k»ikktil»wwK«r? 



En JW historie 

Mt.MkMliklvi!kktvutlKlliikka|iJl«ieli|iieAdeikki 
Uitkjt*' 

tug i i«IJ m krttiat ■<gy«« * «g a «fUii|. Dt 
^1 iv ilil, |Mdi Nduilg nindUil « lit fit >e| wt 

lfikr.ii, nowivdwdi Mdi «arMbin«gtottuti. De 
MpiliUkkipiilKiOidiirt^kwrtiekiiieritfaf 
>uw!^loitkiiUMi«i(«kieMdiilikikk*iikk(itt| 



Mudlikdil^itii|i>to'^iviniikvti-f«*ki 



Let us take another example on chemistry in society: 











You hear all sorts of things about 
acid rain, but what if; correct? 


9 


12 N 


12 H 






26.6 


6.9 


6.1 


A 


There should have been no acid 
rain if all factory smoke 
was cleaned. 


17 . 0 


** J « > 


£ 1 1 


* 

B 


Combustion of sulphur- 
containing compounds as coal 
and oil will later result in 
acid rain. 


23.5 


27.8 


23.9 


C 


Acid rain is rain or snow 
containing a fine powder of 
sulphur. 


22.4 


18.0 


7.9 


D 


Acid rain is actually caused 
by acid-output from industry. 
Acid evaporates and precipi- 
tates as acid rain. 


6.2 


0.8 


0.4 


E 


The increasing amount of acid 
rain over southern Norway has 
no effect on the acidity of 
the water-courses. 


1 .7 


1.2 


0.4 







Norwegian item. 
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The chemistry on how acid rain originates is certainly 
not fully understood. We may ask whether it matters if 
the students can distinguish between acidic precipita- 
tion consisting of elementary sulphur, sulphur dioxide 
or sulphuric acid? We may also ask whether it matters 
if they blame industry for all acid rain and pollution. 
Anyhow, looking at the next item might suggest that 
sulphur dioxide in some way is connected in their minds 
with acid: 











Which one of the following 
formulae represents 
sulphuric *;cid? 


9 


12 N 


12 M 






3.8 


4.1 


3.8 


A 


HC1 


62.1 


46.4 


8.4 


B 


SO 2 


2.6 


2.0 


1.3 


C 


HN0 3 


25.1 


42.9 


86.8 


D * 


H 2 S0 4 


3.9 


3.2 


O.tf 


E 


NaCl 


2.5 


1.9 


0.2 




Norwegian item 
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What may be read from this item is that most of the 

students in grade 9 do not connect an acid with a 
compound containing a hydrogen atom in the formula* 
Kempa and Nicholls (4) used controlled word association 
tests to develop how strongly different concepts were 
held in the cognitive structures of the students. They 
demonstrated that theoretical abstract concepts as 
proton and ion are absent from the cognitive structures 
of poor-problero-solvers aged 15. The relatedness 
coe ff icient (r) is a measure for how strongly the 
concepts are connected to each other in the cognitive 
structure of the student. The greater r is, the 
stronger the connections. 

Figure 2. Average cognitive structure display for the 
chemical concept acid, obtained for good 
and poor problem-solvers . (Kempa a 
Nicholls 1983 ) 
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Matthews and al. (9) conducted cognitive mapping and 
demonstrated that many students do not combine proton 
with hydrogen and that these concepts are virtually 
far from the concept of acid. 

What is the situation then for the 12th grade 
Norwegian students specializing in chemistry? Most of the 
students are probably abstract-thinkers, but do they 
possess a firm knowledge and understanding of acids and 
bases? The following two items on the alkalinity of 
oxides are very similar: 



Which one of the following elements forms an oxide which 
turns red litmus paper blue when added to water? 



12 C 




phosphorus 

carbon 

iron 

sulphur 

calcium 



4.0 International item 



Which of the following would be described best as an 
oxide could only be basic ? 



12 C 






7.4 


A 


A1 2 0 


7.9 


B 


CO 


17.9 


C 


>2°5 


15.6 


D 


N0 2 


44.3 


E* 


CaO 



6*9 International item 



As you may see, the idea that oxides of non -metals 
usually give acidic solutions in water, and that oxides 
of metals usually give alkaline solutions, is not 
commonly held by the students. It might be that the 
oxides of which they are familiar have been chosen, no 
matter the context. The implications for instruction 
probably include practical work. But does it help? : 



A 15.0 cm sample of a 1.00 M (mol.dm" ) solution of 
hydrochloric acid (HC1) will exactly neutralize 7.5 cm' 
of a 1.00 M solution of which one of the following 
substances? 



12 C 






11.3 


A 


sodium hydrogen carbonate! NaHCO^ 


19.6 


B 


potassium hydroxide: KOH 


2.6 


C 


ethanol: C^OH 


55.9 


D* 


barium hydroxide: Ba(OH) 2 


6.2 


E 


magnesium chloride: MgCl 2 


4.4 







International item 



Titration of acids with bases are compulsory practical 
experiments for the 12th grade chemistry students. 
Calculations from these experiments are often given in 
the final written examination papers. The scores on this 
question can certainly not be taken to # confirm the central 
position of titrations in our Norwegian curriculum. 
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What does really happen during neutralization, the next 
question runs: 







In order to neutralize 2 mols of 
NaOH we may use 1 mol of an acid 
(acid A, acid B or acia C) • Which 
one statement is then always 
correct? 


12 C 






6.3 


A 


Acid A, acid B and acid C have equal pH a s. 


50.1 


B 


pH in the neutralized solution is 7. 


5.3 


C 


The concentration of the acid-solution is 
double the concentration of the hydroxide- 
solution. 


13.8 




One mol of the acid contains two mols of 
hydrogen ion s • 


5.3 


£ 


The volum of the acid-solution needed is 
half the volum of the hydroxide-solution. 


19.1 




Norwegian item 



Most students chose distractor B which says that pH in 
any neutralised solution is 7. The idea that the acid 
must have two mols of hydrogenions (0) , is held by 
rather few. If this concept of an acid is not present 
in the cognitive structure of the student, he should not 
be able to solve the former question on neutralization 
of 15.0 cm 3 LOOM HC1 either. Difficulty might arise 
when the student consider the ordinary use of the word 
"neutral" meaning neither acid nor base* 
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Do students really have a grasp of chemical reactions? 
The distractor of highest score on this item is that of 
neutralization (E) : 

Which type of reaction is represen- 
ted by the equation 

CH 3 CH 2 OH + HC1 CH 3 CH 2 C1 + HjO 

A Substitution 
B Elimination 
C Redox 
D Condensation 
E Neutralization 



18.1 



Norweaian item 



The last five items were all answered by 12th grade student* 
specializing in chemistry. Let us return to the 9th graders. 
Their understanding of the nature of chemistry is rather 
wage: 



29.0 A 



19.5 
5.2 
11.6 
31.5 



3.2 



B 

C 
D 
E 



When 2 g (grams) of zinc and 1 g of sulphur are 
heated together, practically no zinc or sulphur 
remains after the compound zinc sulphide is 
formed. What happens if 2 g zinc are heated 
with 2 g of sulphur? 



Zinc sulphide containing approximately twice 
as much sulphur is formed. 

Approximately 1 g of sulphur will be left over. 
Approximately 1 g of zinc will be left over. 
Approximately 1 g of each will be left over. 
No reaction will occur. 

International item 



The atomic structures and electron configurations for the 
first 20 elements are part of the core curriculum in 
chemistry for the 9. and 10. graders. If students have a 
grasp of the ideas of the periodicity of elements and of the 
periodic table , they may prosuppose chemical reactions. These 
items show the Norwegian students' conception of elementary 
particles and the periodic table: 













Which of the following particles are | 












gained, lost or shared during chemical 












changes? 


9 




12 N 


12 M 






29 


.0 


46.8 


84.0 


A* 


electrons furthest from the nucleus 












of the atom 


14 


.7 


11.7 


3.5 


B 


electrons closest to the nucleus of 












the atom 


24 


.5 


20.3 


4.5 


C 


electrons from the nucleus of the atom 


13 


.9 


8.4 


4.1 


0 


protons from the nucleus of the atom 


9 


.3 


9.2 


2.4 


E 


neutrons from the nucleus of the atom 


8 


.6 


3.7 


1.6 
















International item 



For the next item you shall use this part of the periodic 
table of elements: 





s 


ii 


nr 


? 


VI 


n 


va 


1 














t 


H 














Ht 


} 


% 


j 




? 


t 


t 


10 


U 


0* 


• 


c 


N 


" o 




Ht 


II 


IS 


ii 


u 


IJ 


1ft 


17 


It 






Al 


si 


V . 


s 


Q 

















Below there are 5 sentences about 
potassium (•Kalium"). Which one is not 
correct according to potassium's posi- 
tion in the periodic table? 

12 N 12 M 

A Potassium reacts easily with an 
11.7 IS .8 4.2 element in group 7 (VII) 

Potassium does not react with an 
element in group 8 (VIII) 
Potassium reacts easily with another 
element in group 1 (I) 

Potassium is a metal 
Potassium has one electron in the 
outer shell 



12.5 


11.7 


6.0 


B 


23.4 


24.2 


73.3 


C* 


27.3 


25.1 


9.2 


D 


18.1 


20.5 


6.9 


E 


6.9 


2.7 


0.4 





Norwegian item 
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Chemistry is a foreign language twice over, strange terms 
for strange things. Why do chemists say CHjCOOH for vinegar? 
The lack of understanding of the chemical formula of an 
acid (sulphuric acid) has already been demonstrated. Here we 
have another example: 



The formula for the compound acetic acid 
(present in vinegar) is CH^COOH. 

What is the total number of atoms in one 
molecule cf acetic acid? 



J 






1.2 


A 


i 
«k 


3.6 


B 


2 


34.4 


C 


3 


21.9 


D 


6 


36.9 


E* 


8 


2.0 







International item 



Formula notations are used in the textbooks for lower 
secondary school, grade 9. 

Text-books for the students specializing in chemistry in 
grade 12 are full of formulas, and the IUPAC system of nomen- 
clature is used. The authors and the teachers write and talk 

about sulphide, sulphite, sulphate, thiosulphate 

hardly without any prescription on how to name these 
substances. 
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Calsium is in the second group of the periodic 
table. The formula for chloric acid is HClOj, 
for chlorous acid HC10 2 and for hydrochloric 
acid HC1. 

Which of the following formulae is the correct 
one for calsium chlorite? 



12 C 






19.7 


A 


cacio 3 


10.4 


B 


ca 2 cio 2 


19.6 


C* 


ca (Clo 2 ) 


9.3 


D 


caci 2 


18.1 


E 


ca(Cio 3 ) 


22.9 







Norwegian item 



The results of the SXSS-tests are in accordance with my own 
supposition. I think that you have to give recommendations 
or "grammar rules" if a foreign language may be read and 
Written fluently. 

The next item asks for the systematic name of a brominated 
carboxylic acid. 



What is the systematic name for this compound 

using the lOTAC-nomenclature? ~ a r 

•CH-CH 



12 C 






10.9 


A 


3-brorao-2-methylbutanoic acid 


1S.0 


B 


2-bromo-3-methylbutanoic acid 


25.7 


C 


2-bromo-3-methylptntanoic acid 


14.0 


D 


3-methyl-4-bromopentanoic acid 


15.4 


E* 


4-bromo-3-ratthylpentanoic acid 


19.0 







CH- 



<^H-CH 2 -COOH 
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ERIC 



There seem to be no result on this question when corrected 
for guessing. The items on nomenclature were the last two 
items in the questionnaire, which to some degree explains 
the high percentage of students not having given any 
response . 



Conclusions 

These preliminary results from the Norwegian survey in the 
Second International Science Study show discrepancies 
between the intended curriculum and the achieved curriculum. 
The responses to the multiple-choice items in the students' 
questionnaires allow us to identify areas of marked weakness 
in comprehension among our students. In order to obtain a 
better understanding of the conceptions, misconceptions and 
alternative frameworks held by the students, further 
investigations have to be done. Let this be the great 
challenge for the Norwegian chemistry-educators in the 
future ; 

SISS in Norway 

The Norwegian survey as part of the Second International 
Science Study was financially supported by the Norwegian 
Department of Education (Kirke- og Undervisningsdeparte- 
mentet) . The Norwegian survey was conducted by IMTEC (The 
International learning Cooperative) in Oslo, with Svein 
Sjoberg at the University of Oslo as national research 
coordinator. Official reports will probably be due by the 
end of 1985 as several books on Universitetsforlaget. 



314 



References: 

1. Johnstone A.H., Morrison T.I. and Sharp D.W. : "Topic 
difficulties in chemistry", Education in Chemistry, 
1971, 8, 212. 

2. Piaget J. : "The child's conception of the world", 
Harcourt, Brae, New York 1929. Piaget J.: "The 
construction of reality in the child". Basic Books, 
New York, 1954; 

3. Shayer M. and Adey P.: "Towards a Science of Science 
Teaching". Heinemann Educational Books, 1981. 

4. Kempa R.F. and Nicholls C. : "Problem-solving ability 
and cognitive structure - an exploratory investiga- 
tion". European Journal of Science Education, 1983, 
vol. 5, no. 2, 171. 

5. Auaubel D.P.: "Educational Psychology. A cognitive 
view". Holt, Rinehart and Winston, New York, 1968. 

6. Driver R. : "Pupils* alternative frameworks in 
Science". European Journal of Science Education, 1981 
3. (1) pp 93-101. 

Driver R. : "The pupil as scientist", The Open 
University Press, 1983. 

7. a Andertton B. and Renstrora: "Materia: Oxidation av 

StAlull", EKNA-rapport no 7, 198 i University of 
Gothenburg, S-431-26 MSlndal, Sweden. 

b Andersson B. : "Keraiska reaktioner", EKNA-rapport 
no 12, 1984, University of Gothenburg, S-431-26 
M&lndal, Sweden. 

8* Australian Council for Educational Research, PO Box 
210, Hawthorn, Victoria, 3122 Australia. Chairman 
J. Keeves and International Co-ordinator M.J. Rosier 
for SISS. 

9. Matthews G.P., Brook V. and Khan-Candapur T.H.: 
"Cognitive structure determinations as a tool in 
Science* ", European Journal of Science Education, 
1984, vol. 6, no* 1 and 



A MODEL FOR SELF-RELIANCE IN SCIENCE EDUCATION RESOURCES 



Krishna V* Sane, 

Department of Chemistry/ University of Delhi, 
Delhi-1 10007 (INDIA) ♦ 

INTRODUCTION -_J> 

The Division of Scientific Research and Higher 
Education, Unesco and the Committee on Teaching of 
Chemistry (CTC) of the International Union of Pure 
and Applied Chemistiy (IUPAC), has sponsored a pilot 
project at the University of Delhi for design and 
fabrication of low-cost equipment for chemistry 
teaching* The nature and scope of the project is 
first summarized followed by a highlighting of 
its key features* The article concludes with a glance 
at some of the possibilities for the future* 

THE DELHI PROJECT 
The Problem : 

The laboratory component of chemical education in 

the developing countries is deteriorating because of the 

- continual rise in the cost of chemicals 
and equipment; 

- black-box attitude towards instruments 
resulting in poor maintenance. 

The diminishing quality of laboratory work will 

- prevent learning of manipulative skills; 

- produce chemists ill equipped for research 
teaching and industry* 



A Solution : 

Modern technology, particularly in electronics, 
offers many products which are 

- cheap, verstile, long-lasting; 

- new made or are available in the 
developing countries; 

- usable as building blocks for design of 
simple equipment* 

An Approach ! 

A problem, however, can seldom be solved by 
technology only. Methodology is thus equally 
important. If reliable low-cost equipment (i.e. 
equipment low in cost but not in quality) is to 
become a means of improving chemical education, 
it is essential that teachers and students are 
involved in the developmental process, i.e., in 
the design, fabrication and testing cf prototypes. 
This will ensure that 

- the equipment is tailor-made for different 
requirements; 

- confidence and expertise in instrumentation 
is generated; 

- overheads are negligible; 

- maintenance is satisfactory* 
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A Pilot Project : 

A pilot project at the University of Delhi has 
established the feasibility o£ this plan of action. 

Tha project sponsored by the Committee on teaching 
of Chemistry (CTC) of the IUPAC, in collaboration 
with UNESCO and the Committee on Teaching of 
Science (CTS) of the International Council of 
Scientific Unions (ICSU), has so far designed 
low-cost versions of the following types of equipment 
(cost price as of January 1985 (1 US Dollar • Rs. 13 
approximate! t pH meter (8 versions ranging from 
Rs. 125 - Rs. 400) ; conductometer (4 versions 
ranging from Rs. 75 to Rs. 350); colorimeter 
(Rs. 400); polarimeter (Rs. 75); electronic timer 
(Rs. 100); magnetic stirrer (Rs. 150); electronic 
thermometer (Rs. 25, if used in conjunction with 
the pH meter); conductance cell (Rs. 20); a set 
of nearly zero-cost electrodes (includes glass 
electrode and some ion slective electrodes) # 

Preliminary versions of a D.C. polargraph 
(Rs. 600), spectrophotometer (Rs. 300), 
Galvanostat (Rs. 300) have been produced. 
The key features of the project are 
- use of modern devices like an operational 
amplifier; 



- total reliance on indigenous components; 

- interdisciplinary nature of the core group; 

- voluntary participation of students and 
and teachers during holidays; 

- development of integrated low-cost packages 
(i.e. equipment, accessories and experiments)* 

Propagation i 

Die philosophy of the project is to spread the 
approach rather than distribute or sell the 
instruments* ttie following training workshops - 
devoted to low—cost po te ntiocna try and c o nduc tome try - 
have been held: Madras (April and July 1981) i 
Mysore (1981); Delhi (1982), Hyderabad (1982); 
Chandigarh (1983); Sao Paulo, Brazil (1983); 
Georgetown, Guyana (1983); Copenhagen, Denmark 

(1983) ; Jtontpellier, France (1983); Dhaka, Bangladesh 

(1984) ; Sri Lanka (1984); Bathurst, Australia (1984); 
Dhaka (1985). 

Twenty- four instruments assembled in Bangladesh 
and Sri Lanka are being used in the host countries* 

for 1985, Workshops are being planned in 
Ljubljana (Yugoslavia), Puerto Rico, and in Pakistan* 
Over twenty institutions in India have been using 
the equipment (pH meters and conductometers) for 
a year and have sent their evaluation which is very 
favourable* 



Key Features i 

(i) International collaboration: The sponsorship of 
professional organizations (lixe the IUPAC) for 
prototype activity pre is expert scrutiny and 
opportunities for a global exchange of information* 

(ii) Total reliance on indigenous components t With the 
rapid development of the industrial infrastructure 
in the country * it is possible now to undertake 
developments* based on modern approach and latest 
technology* t&at are cheep* versatile and powerful* 

(iii) Interdisciplinary nature of the teemt A joint effort 
by chemists* physicists and technicians enables 

a balanced consideration of theoretical and 
practical matters and of fundamental and applied 
aspects* If the project expands* scientists 
frc<n other branches and engineers can be 
appropriately coopted* 

(iv) Participation of students and teachers t This 
creates a sense of involvement besides generating 
confidence and expertize required for more 
ambitious developmental efforts. The ability 

to modify* maintain and repair routine equipment* 
is an important off-shoot* 



FUTURE 



All the ideas on which the Delhi Project is based 
are well known* No originality can therefore be 
claimed on this count* However, to the extent 
that the laboratory component of science education 
is deteriorating in the developing countries, 
it is clear that there is an urgent need to extend 
such activities* There seem to bo at least two 
ways of enlarging the scope of the Delhi Project* 

Firstly, it may be pointed out that the 
model utilizing teachers and students on the one 
hand and on linking training with production 
on the other, is not limited to fabrication of 
equipment only* The model is for example also 
applicable for preparing such chemicals os are 
needed for science education but are being 
imported or are difficult to make on industrial 
scale* Similarly, providing facilities like 
distilled water, gas, power for rural as well 
as urban science institutions on a laboratory 
scale using solar distillation, bio-gas etc* 
are exciting technological problems* Another 
area is generating audiovisual material like 
charts, tape-slides, videotapes, films etc* 




and development of demonstration apparatus 
which can be housed in small museum in each 
University/College for. the benefit of non- 
science students and the public at large* 
It should be possible to start pilot projects 
in one or more of these areas alongside propagation 
of the low-cost equipment as these different 
areas are interlinked and can be pursued 
together* 

Finally, there is a need to involve more 
countries in such efforts* There is also a 
need to involve more students and teachers 
in each country* Such an extension obviously 
demands that more funding agencies - both 
national and international - initiate cooperative 
programmes* An interesting model in this 
connection is that of Regional Cooperation* 
For example, it will be worthwhile to explore 
whether the Nordic group of countries and the 
South Asian group can launch a three to five 
year plan for science and technology Education 
where Resource Material (e*g* Equipment, Chemicals, 
Software, Videotapes, etc etc) is produced using 
the methodology adopted in the Delhi Project* 
If one such cooperative venture is successful, 
it can serve as a model for extending it to the 
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other regions of the World. It la hoped that 
the Nordic Conference will give e. serious 
thought to this suggestion* 

It Is a pleasure to acknowledge the enormous 
assistance received from Prof. D.J, Haddington 
(IUPAC) and Dr. J.V. Kingston (Unesco) at every 
stage of the Delhi Project. Thanks are due to 
the Unesco Regional Office, New Delhi, for 
providing travel funds to attend the Nordic 
Conference. Last hut not least, I am sincerely 
indebted to Prof. Evik Thulstrup for the kind 
invitation and the warm hospitality. 
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AN EMPIRICAL INQUIRY OF PUPILS' CONCEPTIONS OF BLOOD AND 
BLOODCIRCULATION. 



Siw Skrtfvset, 
Department of Biology, 
University of Oslo. 

This project is Seeing undertaken for partial completement of 
a Master of Science degree at the Department of Biology. 

Supervisor: Olav Sand, 

Skolelaboratoriet for biologi, 

University of Oslo. 
Introduction 

Learning is not a passive process of absorbing knowledge , but 
one of modifying and -.restructuring existing ideas by the pupils. 
These ideas often come from the pupils own experiences, and 
may be very different from the scientific ones. 
They are often called alternative frameworks.- 
The same ideas are often shared by many people*. 
The ideas will influence what is learnt in a lesson, and there- 
fore, it is important to know something about them. 

In the last years, different groups at Skolelaboratoriet for 
naturfagene .University of Oslo, have been trying to uncover 
alternative frameworks in the natural sciences. (Sjtfberg,S & 
Lie, S, 2981, Bryhni,£ & Sand, 0, 1983) . 

I,beeing a student in the Physiology group, have chosen to 
study pupils conceptions of blood and bloodcirculation. 

When making the inquiry, my basis was this : 

1. Yesterdays science is often todays alternative frameworks. 

Concerning bleed, people used to think that blood w&c 
produced in the heart, pumped out to the body and 
consumed there. 
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2. What is written and drawn in the textbooks. 

pilottests have indicated that very schematic drawings 
lead to misconceptions. 



Methods, 



I. SISS (The second International Science Study), 

This is a test for pupils at age 10, 15 and 18, with multip- 
pel choice questions. 

In Norway, about 1S0Q pupils are tested at each age. One 
third of the test is national, and in the Korwegian part we 
have made about 8 questions concerning blood and circulation. 
During April we hope to have, all the data from this test. 

TTtOna of the 1'mitations of multiple . choice questions is 

that una suspect exactly which the alternative frame- 

works are «x the right distractors. Therefore, I will 

fflake a new tfft with open-ended questions which will be 
given to 4 ftw *%?tdered pupils at age 15. 

Ill . Interviews . 

In this part I will interview some of the pupils who answ- 
ered the open-ended questions » trying to pick out the pupils 
showing alternative framework thinking. 

The inquiry will be finished during autumn 1985. 
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DIFFERENCES IN GIRLS 1 AND BOYS' ATTITUDES TOWARDS SCIENCE - 
A STUDY AMONG THIRTEEN-YEAR-OLD PUPILS IN HVI DO VRE /DENMARK 
WITH A VIEW TO DEVELOPING STRATEGIES FOR CHANGES, 

Helene Sorenaen, . 
Vibeholmsvenge 11, 
DK-2635 Ishaj, 
Denmark, 



The paper will include an empirical study carried out among 
600 seventh-class pupils in the Danish primary school. 

In this class these thirteen-year-old children are for the first 
timo confronted with the physical and chemical training and 
education. 

One of the purposes of my studies has been to learn something 
about sex-linked, differences between girls" and boys' interests 
and attitudes towards physical and chemical science. 

Another purpose is to develop a teaching programme which e.an 
secure a less differentiated education during the pupils' first 
year with psysics/chemistry. 

The study is part of my psycological-pedagogical education at 
the Royal Danish School of Educational Studies, Department of 
Chemistry. 



Summary 




Background 



In Denmark pupils are confronted with tb*ir psysical and chemical 
education when they are 13. 

The Daniah school system has a primary school which starts when 
the children are 6 or 7. The pupils continue to go to school in 
the primary school till they are 16 or 17, i. e. 9 years" compul- 
sory school. 

The socalled "kindergarten" class which has only three lessons 
per day and which is the pupils" first class is not compulsory 
but attended by almost every child. 

It is possible for the pupils to leave school after their ninth 
year when they can either have a further education at grammar 
school or they can choose to start an apprenticeship. They may 
also stay an extra year in the primary school. 

Prom the 7th till the 9th school year the subject of "psysics/ 
chemistry" is compulsory with two lessons per week. The subject 
may also ba continued in the 10th school year. 

For 14 years I have been teaching physics and chemistry at the 
Danish primary school* 

Over the past years we have seen a rapid development in our 
soc iety # and many innovations have been introduced in the 
schools. The style of teaching has changed from being theorical 
to being practical* and the work has developed to bs more pupil* 
oriented. 

In my teaching period* however, I have only seen remarkably 
little change in the sex-linked attitudes and expectations to 
physical and chemical science. 

Already at their seventh year at school many girls expect them* 
selves to do very bad in this subject. 



329 



Results published in the UK, Norway and Denmark show that on 
average boys achieve higher marks in physics /chemistry than 
girls do. 

By the time they start the subject most girls already know that 
it is an unwoman one. They are- brought up to be feminine beings, 
and their surroundings - parents, teachers, playmates, literatu- 
re - have told them that girls are more verbal, less indepen- 
dent, more interested in individuals - and less interested in 
physics/chemistry, more modest in their wishes Cor the future 
and less experienced in science-related activities than boys. 

The Study 

As part of my psycological / pedagocical education in chemistry 
at the Royal Danish School of Educational Studies I have decided 
to carry out an empirical study among seventh-class pupils in a 
Danish primary school. My study will be the first of its kind in 
Denmark dealing with sex-linked differences within the subject 
of physics or chemistry. 

The study has been carried out among S31 seventh-class pupils in 
Hvidovre, a southern Copenhagen suburb. 

The purpose of my study is to show some sex-related differences 
between the interests and attitudes of girls and boys which may 
influence their future achievements within psycical and chemical 
science. 

The questions asked about attitudes and interests, and the ques- 
tions about relevant experience within psysical and chemical 
science are very much like those in the Norwegian project: Cen- 
ter og fysikx' mentioned in the Contributions to the second 
GAS AT Conference, 
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Questions about Puplls'a Interests 



In the questionnaire I have included a number of subjects which 
may be part of the physics/chemistry teaching. The pupils were 
asked to indicate whether they found it important or exciting 
to learn about* 

The rasults appear from tables 1-6* 

It appears that the pupils have distinguished between 'exciting" 
and "important"? Well over half of the girls found it exciting 
to learn about the rainbow, for instance - few of them, 

however* have considered it Important to learn about. Few \ 
(8 or 9) of the subjects a majority of the girls has found exci- 
ting or important (table 3 and table 6) such as natural phenome- 
na, additives to food, and pollution. 

Most of the seventh-classes had learned about/worked with elec- 
tricity in the class during some time before the investigation 
was carried out, and many of the pupils indicate that electric 
current and electricity as such are important subjects at home, 
but apparently it is not very exciting* 

I am, as yet, not quite sure how to use the information available 
in this material. A 8 a prelimary conclusion, however, I would 
say that it is important to emphasise those phenomena at which 
the pupils are astonished, and which are important for their con- 
ception of their* daily lives. 
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Experience within Physical and Chemical Science 

In a number of cases the pupils were asked to indicate how often 
they had been doing this or that. 

The spaces 'once or twice" caused most of the pupils to ask 
questions. In these cases I told them tc make out whether thviy 
had tried the particular thing often enough to know how to do it 
next or whether they had tried to do it only once. 

Only few activities have been done by both girls and boys - 
such as tape recording, usage of calculator* photographing. 
Girls are experienced in domestic activities; boys in the acti- 
vities that are often included in the traditional physics les- 
sons. See tables 7 and 8. 

In general, the girls are not as experienced as the boys are 
in the various activities (table 9), and it is only few "girls' 
activities" which - according to the boys" answers - have never 
been tried by the boys. Boys generally "try" more than girls. 

So the boys are much more experienced in technical fields thus 
being better able to relate the theories of the physics tea- 
ching to their own experience. 

The pupils" opinions about what is girls" activities and what 
is boys" activities are surprisingly conservative (table 10) . 
However, it is very well in line with what girls *nd boys 
actually indicate as their everyday activities. I would like 
to point out, however, that although the computer is not indica- 
ted by the girls to be a pronounced "boys" activity", this is 
not in line with the fact that far more boys than girls have 
been using it regularly. 




What will be important for your future job? 



The pupils were asked to indicate the factors that they thought 
most important for their future occupation. 

The seventh-class pupils expect their future job to be exciting 
providing also a safe future. Furthermore, their qualifications 
must be utilized in the job - the job must also make it possible 
for them to spend sufficient time with their family. 

It is hard for me to imagine jobs providing equally high priority 
to all four wishes. It is worth noticing that both girls and boys 
agree to this priority (table 11. a + b). 

However, already in the pupils* seventh class it is possiblo 
to see the pattern of their later choice of occupation. Girls 
ofton want to help other people and to have to do with other 
human beings in their job, while the boys - to a wider extent 
than the girls - give priority to the things that are important 
to become a manager, i. e. to control others, to decide themsel- 
ves what to be done, to make inventions, and to earn much money 
(table 11. c). 
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Questions about Attitudes 

I have also asked the pupils about their expectations to their 
future success in physics/chemistry. 

I found that girls had a low degree of self-esteem expecting to 
find the subjoct of physics/chemistry difficult. 

Figure 1. : 

How do you think you will do in p»y»ic»/ch*mi» try ? 
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The girls proved to be less interested in physics/chemistry than 
the boys: 



Figure 2. : 



fhysics/chtaistry 1st 
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59 



44 



In 1 



■ 



% of boys 
1 I % of girls 



Y0 

a 



Soring 



Two questions are related to theiv wo~k done in the physics/che- 
mistry lessons: 

One is About how they would prefer to organize their work, i. 
e. self •studies , pupils* experiments , teachers* demonstrations 
* teachers'* information - group experiments (table 12). 



Girls* and boys* answers differ only slightly* The girls have 
a slightly higher preference to group work than boys, and a 
small majority of boys give first priority to own experiments* 
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The other It about what would be the optimal learning situation 
for themselves (table 13)* 

As appears from figure 3 boys* and girls* wishes for lessons 
were almost the same. 

rig. 3. 



Row stny lsssons would you prsfsr in psysies/chsaistryf 



% Of boys 



35 34 



a 



23 30 
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□ 



% of girls 



in 



m 



7 r 



Rons 2* lsssons 3 lsssons 4 lsssons 6 lsssons 



future Plans 

I have collected my data from the 11 schools in Hvidovre, and I 
expect to be able to confirm the results already found in cor- 
responding British snd Norwegian studies of the differences in 
childrens 1 * experience and attitudes to physics/chemistry. 

My principle purpose, however, was to make it possible to draw 
some conclusions in order that the teaching in the subject could 
be improved. 
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I think that the psysics/chemistry teaching should be introduced 
at an earlier stage so that the girls can enter their puberty 
with an unprejudiced mind. One of the advantages would be that 
via their play in school the girls will be able to gain the 
experience that might not be possible in thoir time off. 

I will strive to change the way and the contents of the teaching 
in order to create a coherence between on one side the psysical 
and chemical subjects and on the other the pupils' everyday li- 
ves - both those of the boys and of the girls. 

It is important to plan the teaching in a way that it is possible 
to counteract the higher degree of uncertainty found with the 
girls. Therefore, follow-up of tests and acceptance of results 
are important factors to the girls. This is particularly essen- 
tial from the very start of the teaching so that the girls' 
self-assurance is furthered. 

It is necessary, however, that the teacher is aware of the diffi- 
culties that the girls feel they have in this subject. 

The problems of girls'* attitudes to science have been advanced 
on several occasions, for instance at the GASAT Conferences* 
So it is very important that in order to overcome the problems* 
programmes of action are now prepared - but if changes are to 
take place in the schools, it is important that also the 'ordina- 
ry'* teachers are made aware of the problems which those who are 
interested long ago have found to be obvious. 
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Table 1. 



IMPORTANT TO LEARN ABOUT 'GIRLS' GIRLS ^^^BOVSlga 



ADDITIVES 

DOMESTIC ELECTRICITY 
DATAMACHINES 

WHAT AN ATOMIC BdMB CONSISTS OF 

ELECTRIC CURRENT 

HOW NUCLEAR REACTORS WORK 

POLLUTION 

LIGHT 

ATOMS AND MOLECULES 

RADIO «ND TELEVISION 

WHAT AIR CONSIST OF 

HOW EL. POWER IS MADE IN N.R. 

REFRIGERATOR AND FREEZER 

FLASH AND THUNDER 

SOUND 

OIL WINNING 

NEW ENERGV SOURCES SOLAR ENERGY * 
IMPORTANT INVENTIONS 
v TELEPHONE 
ROCKETS 

STARS AND PLANETS 

HOW TO MAKE SEER A. MINERAL WATER 

WHAT SALT IS 

THERMOMETER 

COFFEEMACHINE 

CAMERA 

SNOW AND RAIN 
CAR ENGINES 

MICROSCOBE AND BINOCULARS 
MEASURING OF VELOCITY OF CARS 
COLOURS 

MUSIC ftND INSTRUMENTS 
MAGNETS 
SVNTHEZISER 
RAINBOW 

FAMOUS SCIENTISTS 
THERMOS 




Table 2 



IMPORTANT TO LEflRN ABOUT 'BOYS' 

BATAMRCHINES 

ELECTRIC CURRENT 

DOMESTIC ELECTRICITY 

WHAT AN ATOMIC BOMB CONSISTS OF 

ADDITIVES 

RADIO AND TELEVISION 

HOW NUCLEAR REACTORS. WORK 

LIGHT ... 

ATOMS AND MOLECULES 
POLLUTION 

NEW ENERGY SOURCES SOLAR ENERGY 

HOW EL. POWER IS MADE IN N.R. 

WHAT AIR CONSIST OF 

IMPORTANT INVENTIONS 

CAR ENGINES 

TELEPHONE . 

SOUND 

REFRIGERATOR AND FREE2ER 
ROCKETS 

STARS AND PLANETS 
OIL WINNING 



1QQK GIRLS 




FLASH AND THUNDER 




mm z? 


MICROSCOBE AND BINOCULARS 




■ 26 


MEASURING OF VELOCITY OF CARS 






CAMERA 






THERMOMETER 






WHAT SALT IS 


*13 = 


mm i| 


COLOURS 






MAGNETS 






COFFEEMACHINE 






HOW TO MAKE BEER A. MINERAL WATER 




■ 17 


SNOW AND RAIN 






FAMOUS SCIENTISTS 


- 6~§ 


■ 15 


MUSIC AND INSTRUMENTS 




m 14 


SYNTHESISER 


8 S 


■ ii 


THERMOS 


6 i 


■ 8 


RAINBOW 




■ 7 
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Table 3. 



ERIC 



IMPORTANT 'GIRLS-BOYS" 

ADDITIVES 
POLLUTION 

HOW TO MAKE BEER A> MINERAL WATER 

DOMESTIC ELECTRICITY 

HOW NUCLEAR REACTORS WORK 

FLASH AND THUNDER 

WHAT AN ATOMIC BOMB CONSISTS OF 

SNOW AND RAIN 

RAINBOW 

REFRIGERATOR AND FREEZER 

COFFEEMACHINE 

OIL WINNING 

WHAT SALT IS 

THERMOS 

LIGHT 

THERMOMETER 

MUSIC AND INSTRUMENTS 

SYNTHESISER 

WHAT AIR CONSIST OF 

ROCKETS 

ATOMS AND MOLECULES 

STARS AND PLANETS 

HOW EL. POWER IS MADE IN N.R. 

SOUND 

COLOURS 

DATAMACHINES 

CAMERA 

MAGNETS 

RADIO AND TELEVISION 

TELEPHONE 

FAMOUS SCIENTISTS 

IMPORTANT INVENTIONS 

MEASURING OF VELOCITY OF CARS 

MICROSCOBE AND BINOCULARS 

ELECTRIC CURRENT 

NEW ENERGY SOURCES SOLAR ENERGY 

CAR ENGINES 




^■Bi 32 




46 






HBI 39 




49 








■ 3? 




15 = 
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Table 4 



EXCITING TO LgflRN MflT '*QVS' 

DATAMACHINES 
ROCKETS 

•STARS AND PLANETS 

MICROSCOBE AND BINOCULARS 
.RADIO AND TELEVISION 

MEASURING OF VELOCITY OF CARS 
? WHAT AN ATOMIC BOMB CONSISTS OF 

SVNTHE2ISER 

FLASH AND THUNDER 
:HOW NUCLEAR REACTORS WORK 
• HOW EL. POWER IS MADE IN N*R. 

CAR ENGINES 

IMPORTANT INVENTIONS 

ATOMS AND, MOLECULES 
'CAMERA 

SOUND 

MOW TO MAKE BEER A. MINERAL WATER 
MAGNETS . 

'B^JtlSPX SOURCES SOLAR ENERGV 

ELECTRIC CURRENT 

RAINBOW 

TELEPHONE 

.LIGHT 

FAMOUS SCIENTISTS 
MUSIC AND INSTRUMENTS 
WHAT AIR CONSIST OF 
COLOURS 
OIL WINNING 
SNOW AND RAIN 
DOMESTIC ELECTRICITY 
ADDITIVES 
"WHAT SALT IS 
THERMOMETER 
COFFEEMACHINE 
POLLUTION' 

REFRIGERATOR AND FREEZER 
THERMOS 
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Table 5. 



4 



gXCTTING TO LEARN ABOUT "GIRLS' 

RAINBOW 

DATAMACHINES 

STARS AND PLANETS 

FLASH AND THUNDER 

MICROSOME AND BINOCULARS 

WHAT AN ATOMIC BOMB CONSISTS OF 

ROCKETS 

•HOW TO HAKE BEER A, MINERAL WATER 
COLOURS 

HOW NUCLEAR REACTORS WORK 

RADIO AND TELEVISION 

SYNTHE2ISER 

SOUND 

CAMERA 

WHAT AIR CONSIST OF 

IMPORTANT INVENTIONS 

HOW EL* POWER IS MADE IN N.R. 

ADDITIVES 

MEASURING OP VELOCITY OF CARS 

NEW ENEROV SOURCES SOLAR ENERGY 

TELEPHONE 

SNOW AND RAIN 

ATOMS AND MOLECULES 

ELECTRIC CURRENT 

MUSIC AND INSTRUMENTS 

WHAT SALT IS 

MAGNETS 

LIGHT 

FAMOUS SCIENTISTS 

DOMESTIC ELECTRICITY 

CAR ENGINES 

POLLUTION 

OIL WINNING 

THERMOMETER 

COFFEEMRCHINE 

REFRIGERATOR AND FREEZER 

THERMOS 



GIRLS 
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Table 6. 



EXCITING 'QIRLS-BOVS 7 

RAINBOW 
COLOURS 
ADDITIVES 
WHAT SALT IS 

HOW TO MAKE BEER A. MINERAL WATER 

PLASH AND THUNDER 

WHAT AIR CONSIST OF 

SNOW AND RAIN 

POLLUTION 

SOUND 

THERMOMETER 

THERMOS'' 

WHAT AN ATOMIC BOMB CONSISTS OF 

CAMERA 

TELEPHONE 

DOMESTIC ELECTRICITY 

COPFEEMACHINE 

STARS AND PLANETS 

MUSIC AND INSTRUMENTS 

REFRIGERATOR AND FREEZER 

MICROSCOBE 1 FIND BINOCULARS 

HOW NUCLEAR REACTORS WORK 

NEW ENERGV SOURCES SOLAR ENERGV 

LIGHT v 

DATAMACHINES 

ELECTRIC CURRENT 

RADIO AND TELEVISION 

SVNTHE2ISER ..: ' 

IMPORTANT INVENTIONS 

FAMOUS SCIENTISTS 

OIL WINNING 

MAGNETS ~ ; 

HOW EL. POWER IS MADE IN N.R. 
ATOMS AND MOLECULES 
ROCKETS 

MEASURING OF VELOCITV OF CARS 
CAR ENGINES 
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TABLE 7 



HAVE OFTEN / BQVS / 

RECORDED ON A TAPERECORBER 
USED HAMMER AND NAILS 
FIRED FIREWORKS 
CHANGED BATTERIES 
USED A POCKET CALCULATOR 
DRAWEE OR PAINTED 
DONE THE DISHES 
MADE COFFEE 
PLAVED WITH VIDEOGAMES 
REPAIRED A BIKE 
BUILT WITH LEGO 
PHOTOGRAPHED 
• CHANGED ELECTRIC BULBS 
USED A STOPWATCH . 
WEIGHED FLOUR FOR CAKES 
BAKED A CAKE 
MADE PAPER AIRCRAFTS 
BEEN MENDING A BIKE 
PLAVED WITH RACING TRACK 
USED A LITRE MEASURE 
USED A COMPUTER 
TAKEN TOVS TO PIECES 
PLAVED W. REMOTE CONTROLLED CARS 
WORKED WITH ELECTRONICS 
TAKEN INSTRUMENTS TO PIECES 
USED A WALKIE TALKIE 
COOKED DINNER 

HELPED TO INST ALL ATE LAMPS 

READ ABOUT CARS 

PLAVED WITH MAGNETS 

READ ABOUT TECNICS 

PLAVED WITH DOLLS AND TEDDVBEARS 

WASHED A CAR 

REPAIRED A CAR WITH ADULTS 
USED A SEWING MASHINE 
LOOKED IN A MICROSCOPE 
LOOKED AFTER BABIES 
PLAVED WITH CHEMISTRV KIT 
GROOMED A HORSE 
DRAWED DESIGN PATTERNS 
BEEN KNITTING 



GIRLS 



BOVS 100* 
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'ABLE 8 



HAVE OFTEN 'GIRLS' 109* GIRLS ^^^B0Y^89X 

RECORDED ON A TRPERECORDER 37 = —— 84 

BAKED A CAKE 35 ' ■ = — B— 54 

WEIGHED FLOUR FOR CAKES 83 == — — 5 5 

DONE THE DISHES 82 = — 66 

DRAWED OR PRINTED 38 = — 67 

MADE COFFEE 88 ' = 

USED A POCKET CALCULATOR 72 — 78 

USED A LITRE MEASURE €7 ' '~ ■■■HI 32 

BEEN KNITTING 67 ' I 13 

PHOTOGRAPHED 65 - • ■■■61 

USED A SEWING MASH1NE 61 ' — 21 

COOKED D I NNER 59 " — ■ 37 

PLAYED WITH DOLLS AND TEDDVBEARS 58 ========== — 25 

CHANGED BATTERIES 56 . . -.it flBHB—l 73 

LOOKED AFTER BABIES 36 ; 1 17 ♦ 

USED HAMMER AND NAILS 48 — — 79 

BUILT WITH LEGO 46 i j ■ — — 61 

FIRED FIREWORKS 34 ====== — ■— ?9 

CHANGED ELECTRIC BULBS 34 ====== — — 63 

PLAVED WITH VIDEOGAMES 31 ===== — — 64 

TAKEN TOVS TC PIECES 38 ===== ■■■■48 

DRAWED DESIGN PATTERNS 26 ===== 13 

USED A STOPWATCH 25 ==== ■—■■ 57 

MADE PAPER AIRCRAFTS 24 ==== — 54 

PLAVED 'WITH RACING TRACK 24 === — — 52 

PLAVED WITH MAGNETS 21 === ■■ 31 

GROOMED A HORSE 29 === 17 

REPAIRED A BIKE 18 = — ■— ■ 62 

USED A COMPUTER 17 = .■■— 49 

WASHED A CAR ^ 17 s — 22 

USED A WALK IE TALKIE 14 = — ■ 37 

BEEN MENDING A BIKE 12 = — — 52 

PLAVED W. REMOTE CONTROLLED CARS 12 = — — 47 

HELPED TO INSTALLATE LAMPS 12 = — 3 1 

WORKED WITH ELECTRONICS 6 = *—■ 43 

TAKEN INSTRUMENTS TO PIECES 6 = WOT 41 

REPAIRED A CAR WITH ADULTS 5 E — 22 

READ ABOUT CARS 4 S ■— 31 

LOOKED IN A MICROSCOFE 4 = WM 13 • 

PLAVED WITH CHEMISTRV KIT 4 = ■ 14 

READ ABOUT TECNlCS 2 : ■— 38 
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TnBLE 9 



BEEN MENDING A BIKE 

READ ABOUT TECNICS 

READ ABOUT CARS 

WORKED WITH ELECTRONICS 

TAKEN INSTRUMENTS TO PIECES 

REPAIRED A CAR WITH ADULTS 

PLAVED M. REMOTE CONTROLLED CARS, 

USED A WALKIE TALKIE 

FIRED FIREWORKS 

USED A COMPUTER 

REPAIRED A BIKE 

PLAVED WITH CHEMISTRV KIT 

LOOKED IN A MICROSCOPE 

USED A STOPWATCH 

CHANGED ELECTRIC BULBS 

PLAVED WITH RACING TRACK 

HELPED TO INSTRLLRTE LAMPS 

TAKEN TOVS TO PIECES 

PLAVED WITH WIDEO GAMES 

PLAVED WITH MAGNETS 

MADE PAPER AIRCRAFTS 

WASHED A CAR 

BUILT WITH LEGO 

USED HAMMER AND NAILS 

CHANGED BATTERIES 

RECORDED ON A TAPERECORDER 

USED A POCKET CALCULATOR 

BAKED A CAKE 

PHOTOGRAPHED 

MADE COFFEE 

DRAWED OR PAINTED 

USED A LITRE MEASURE 

DONE THE DISHES 

COOKED DINNER 

WEIGHED FLOUR FOR CAKES 

USED A SEWING MASHINE 

GROMED A HORSE 

LOOKED AFTER BABIES 

DRAWED DESIGN PATTERNS 

PLAVED WITH DOLLS AND TEDDVBEP.RS 

BEEN KNITTING 





29 = g_ig_ ^ 

IS = M 10 



7=12 
7=13 
till 
2:13 

4 5 ■ 7 
4:17 

6 = ■ 10 
4:03 

5 £ ■ 10 

4 i m 3 

b = ■ 13 

3 i m 10 




"--Table 10. 

r MOST SUITABLE FOR GIRLS 

&-"'V"' I — I — 

I pLflV WITH REMOTE CONTROLLED CARS 
•PLAY WITH MODEL RfllLWflVS 
V MEND A BIKE 

; .USE HAMMER OR SCREWDRIVER 
J WORK WITH ELECTRONICS 
• .PLRV WITH CHEMISTRY KIT 

> FIRE FIREWORkS 

£ TO KNOW SOMETHING ABOUT TECHNICS 
PREPARE SOMETHING WHICH IS BROKEN 
i; >LRV FOOTBALL 
*! HIT WHEN SOMEBODY TEASES 
\ CHANGE FUSES 
USE A COMPUTER 

> .USE WALK IE TALKIE 

BUILD WITH LEGO 
:> USE A ; STOP WATCH 
S USE A STEREO 
:i CHRNOE BATTERIES 
: ( CONTROLE OTHER PEOPLE 
^RECORD ON A TAPE RECORDER 
r MATCH TELEVISION 

DO HOMEWORK 

WRITE ON TYPEWRITER 

TO CHAT 
; TO PHONE 

•TO GIVE SOMEBODV A. HUG 

TO WRITE NICELV 

TO BAKE COOKIES 

TO DO THE DISHES 

COOK DINNER 
-TO BE AFRAID OF ELECTRIC ITV 
; TO VACUUM-CLEAN 

LOOK AFTER LITTLE BROTHERS OR SISTERS o 
LEARN TO SEW <jr 
: TO KNIT 0 '? 



9f 

✓ 9 



9 ✓ 
9 

S 9 
' 9 



9 
9 



T 
9 ✓ 
✓ 9 



BOVS 



fV 

9 S 

9 S 
? ✓ 

r 

9J 



r 

9f 
9 J 



■ I I 



J I 



The figure shows the difference between those activities that girls and 
boys have indicated as* suitable for glrls'and suitable for boys* 
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Table 11 



A) 



WHAT IS IMPORTANT FOR VOUR JOB? 

TO GET A SAFE FUTURE 

TO GET AN EXCITING JOB 

TO USE ONES ABILITIES 

TO SPEND ft LOT OF TIME W. FAMILV 

TO EARN LOTS OF MONEV 

TO HELP OTHER PEOPLE 

TO CREATE AND INVENT NEW THINGS 

TO DECIDE WHAT TO BE DONE 

TO HAVE TO DO WITH PEOPLE 

TO BECOME FAMOUS 

TO CONTROLS OTHER PEOPLE 



IPS* GIRLS 



bovs leas 




50 



15 






HI 


11 






24 








22 


It" 






21 




e 


■ 8 





B) 



WHAT IS IMPORTANT FOR VOUR JOB? 

TO GET AN EXCITING JOB 

TO GET A SAFE FUTURE 

TO SPEND A LOT OF TIME U. FAMILV 

TO USE ONES ABILITIES 

TO HELP OTHER PEOPLE 

TO HAVE TO DO WITH PEOPLE 

TO EARN LOTS OF MONEV 

TO BECOME FAMOUS 

TO CREATE AND INVENT NEW THINGS 

TO DECIDE WHAT TO BE DONE 

TO CONTROLE OTHER PEOPLE 



100* GIRLS 



bovs lees 




52 
50 



40 











21 


15 = 




■ 34 






24 


0 — 


■ 8 
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C) 



DIFFERENCES 'QIRLS-BOVS' 

TO HAVE TO DO WITH PEOPLE 

TO HELP OTHER PEOPLE 

TO GET AN EXCITING JOB 

TO SPEND A LOT OF TIME W. FAMILV 

TO GET A SAFE FUTURE 

TO BECOME FAMOUS 

TO USE ONES ABILITIES 

TO CONTROLE OTHER PEOPLE 

TO DECIDE WHAT TO BE DONE 

TO CREATE AND INVENT NEW THINGS 

TO EARN LOTS OF MONEV 



100* GIRLS 






BOVS 


iog;: 






22 




t^mmmm si 


■■■■ 68 






m S3 












1 69 


■ 8 


24 
■ 34 








S2 



350 



TABLE 12 

HOW WOULD YOU PREFERS TO ORGANIZE VOUR WORK? 



TEACHERS' DEMONSTRRTI OHS 

3 

1, 

2" 

4 

3 



10OK GIRLS 



bovs lew 




GROUP EXPERIMENTS 

2 
1 
3 
4 
3 



GIRLS 




TEACHERS ' I NFORMRTI ON 



GIRLS 



bovs iees 



4 

3 
3 
2 
1 



12 s ■ U 
11 = ■ 9 

5 = I 3 



PUPILS 7 EXPERIMENTS 
1 

2' 
3 
4 
5 



100K GIRLS 




SELF-STUDIES 

5 
4 

3 
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IQ W. GIRLS 
€5 




14 = a n 

7 S ■ 6 

i ; i 4 

9 9 
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TABLE 13 

WHAT IS YOUR OPTIMAL LEARNING SITUATION? 



TEACHERS' DEMONSTRATIONS 



3 
2 
1 
4 
3 



BOYS 190* 




TEACHERS' INFORMATION 



100* GIRLS 



BOYS 100* 



4 
3 
2 
1 
5 



11 S 



I 16 
I IS 
■ 18 

10 



SELF-STUDIES 



180* GIRLS 



BOYS 1O0* 



3 

4 
2 

3 
1 



9 s ■ ie 

8 = n 13 

3:13 



PUPILS' EXPERIMENTS 



100* GIRLS 



BOYS 100* 



1 
2 
3 
3 
4 



l3 9 = 



I 14 

K 13 

i 11 

Q 



GROUP EXPERIMENTS 

2 

3 

• i.,; : :. 

: :4/',^ 



100* GIRLS 



BOYS 100* 



28 2 

20 i 
18 
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SCIENCE EDUCATION AND THE FUTURE OK DENMARK 



Erik W. Thulstrup 

Department of Chemistry, Royal Danish School of Educational 
Studies 

EmdrupveJ 115 B, DK-2*00 Copenhagen NV, Denmark 
Introduction 



In a country like Denmark without spectacular natural 
resources or outstanding potential for agriculture, it is 
necessary for industry to be highly competitive, if the 
standard of living (including national security, foreign 
aid programmes, etc.) shall be preserved. So far, this 
has been possible for Denmark in spite of the fact that: 
the expenditures for scientific research and development 
have been far below those of comparable countries such as 
Sweden, West Germany, or the U.K. 

Unfortunately , this situation may rot last long. In 
order for Danish industry to compete on world markets In 
the future, a new industrial strategy seems to be necessary, 
a strategy which gives high priority to the development of 
new, advanced products. This need for a much more determined 
effort in both basic and industrial research and development 
has been evident for some years, but the results are not Im- 
pressive at all. One important reason is that the invest- 
ments in scientific research and development still are very 
low in Denmark. But an equally important, but often poorly 
recognized reason may be found in the Danish educational 
system. 

Science in the Danish educational system 



The Danish educational system is almost unique inter- 
nationally because of the low priority given in schools to 



some of the basic natural sciences, for example chemistry, a 
key area for Danish industry and a vital field in connection 
with decisions on e.g. energy and environmental policy. Che- 
mistry is taught in Danish schools in year 8 and 9, and many 
students also take chemistry in year 10 and 11. Still, on 
the average only 1.3 % of the total time in schools is used 
for this important subject. The total effort in natural 
sciences in Danish schools in general is also below that of 
other comparable countries (Table 1). On the other hand, in 
Danish schools more time is spent on mathematics than in many 
other countries (Table 2). The substantial effort in mathema- 
tics is an obvious advantage e.g. for first year science 
students at Danish universities, who will often be able to 
use science textbooks written for a higher level in other 
countries. However, mathematics alone does not provide a 
sufficient background for a life in a high technological 
society; and it does not necessarily motivate students to 
choose careers in science and technology. Nor does a recent 
interest in informatics in Danish schools solve many of the 
problems. Informatics is a very useful tool, but without a 
basic knowledge within a field - biology, chemistry, physics, 
energeering - it will be of limited value. 

Why teach science and technology? 

Why do we* or why should we teach natural sciences at 
all in Danish schools? Tor several reasons: 

1. The natural sciences are part of our culture and 
has changed our way of life drastically during the 
last century. 

2. Any citizen in an industrialized democracy today 
must take part in important decisions on environ- 
ment, energy, industrial and agricultural policies 
etc., all of which require a solid background in 
natural sciences. Our politicians often tend to 
make decisions which they believe are right poli - 
tically . Only if the electorate has the necessary 
knowledge, the "politically right" decisions will 
also be the " sclent If lc*U»: .rlqht M ones. 



SCIENCE IN NORDIC SCHOOLS 

NUMBER OF PERIODS (45 MIN.) PER WEEK IN BIOLOGY* CHEMISTRY* AND PHYSICS. 

(THE SECOND COLUMN INDICATES THE PERCENTAGE OF THE TOTAL NUMBER OF 
PERIODS). 



YEAR 


DENMARK 


FINLAND 


NORWAY 




PERIODS 


Z 


PERIODS 


Z 


PERIODS Z 


1 


0 


0 


3 b 


14 


0 0 


2 


0 


0 


2 b 


10 


1 6 


3 


1 


4 


4 c 


16 


1 5 


4 


1 


4 


4 c 


15 


2 8 


5 


1 


4 


3 C 


12 


2 8 


6 . 


2 


7 


3 c 


12 


3 11 


7 


4 


13 


4 c 


13 


3 10 


8 


2 


7 


4 c 


13 


3 10 


9 


2 


7 


6 c 


20 


3 10 


10 


3 - 


10 


4 • 


13 


5 17 


11 


3 ■ 


10 


3 * 


9 


3' 10 


12 


2 " 


7 


1 " 


5 


2 1 8 


AVERAGE 


1*8 


5X 


3.4 


13Z 


2*3 9Z 



•: average for all students 

b: environmental studies included 

c: geography included 

Table 1. 

Note also the. difference In the distribution of 
natural science education in the three countries: In 
Denmark and Norway these subjects appear mostly in 
the higher grades, while they have a very high weight 
in the lower grades in Finland* This might possibly 
result in a more positive attitude towards science 
and technology among girls in Finland than in the 
other two countries* 



SCIENCE IN NOROIC SCHOOLS 

NUMBER OF PERIOOS (45 MIN» ) PER WEEK IN BIOLOGY, CHEMISTRY. PHYSICS. 
AND MATHEMATICSt 

(THE SECONO COLUMN INDICATES THE PERCENTAGE OF THE TOTAL NUMBER OF 

periods) t 



YEAR 


DENMARK 


FINLAND 


NORWAY 






PERIOOS 


X 


PERIOOS 


X 


PERIOOS 


X 


1 


4 


22 


6 b 


29 


3 


19 


2 


4 


2o 


6 b 


29 


4 


25 


3 


5 


23 


7 c 


28 


5 


26 


4 


5 


2o 


7 c 


27 


6 


24 


5 


5 


19 


7 c 


27 


5 


2o 


6 


6 


21 


7 c 


27 


6 


21 


7 


8 


27 


7 c 


23 


7 


23 


8 


6 


2o 


7 c 


23 


7 


23 


9 


6 


to 


lo c 


33 


6 


21 


lo 


7 * 


23 


8 * 


23 


lo ' 


33 


11 


7 ' 


23 


6 ' 


18 


6 ' 


2o 


12 


8* 


27 


4 ■ 


17 


5 ' 


16 


AVERAOE 


5.9 


22X 


6.8 


25X 


5.8 


23X 



ft! AVERAGE FOR ALL STUDENTS 

b: ENVIRONMENTAL STUDIES INCLUDED 

e| QE06RAPNY INCLUDED 

Table 2, 
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3. Finally, the need for a work force with much higher 
qualifications in science and technology than that of 
the present one is becoming obvious (Figure 1). These 
new requirements have already had some effect - the em- 
ployment among engineers and natural scientists has been 
lower than in essentially all other fields in reoent 
years - and will have even more impact in the near 
future, especially if an industrial upswing is on its 
way. One particular aspect of the present conditions 
is that girls seem to be very poorly motivated for 
careers in science and technology, which could other- 
wise help to provide true equality between the sexes 
and reduce unemployment among women* 

Denmark has very strong traditions in adult education* 
Are any efforts being made in this field to compensate for 
the^poor performance in the school system? Unfortunately not; 
the interest in adult education seems to be directed towards 
completely different areas. Even subjects like astrology or 
healing are frequently given higher priority than physics and 
chemistry 

With this background it is difficult to imagine a smooth 
transformation of the present Oenmark into a high-technology 
society. Therefore, the very modest interest for science edu- 
cation in Oenmark among politicians, industrial leaders, and 
particularly the media can only be explained by a lack of un- 
derstanding of the impact science education in schools may 
have on the future society. 

The persons who will Join the work force ten years from 
now and who will have to fulfill requirements like those in- 
dicated in Fig. 1 are already on their way through the Oanish 
school system. It may already be too late to make changes in 
this system, which will help these young people become well- 
informed (and satisfied) citizens in a high-technology demo- 
cracy and help them choose careers which will be of mutual 
benefit for themselves and society. 

Hopefully, political and industrial leaders as well as 
the media will soon realize the urgency of the situation and 



Figure It EXPECTED TRENDS IN THE COMPOSITION OF THE INDUSTRIAL WORK FORCE, 



I of 

work force 



Management 



Office Staff 



30 



20* 



10 



Engineers and 
Technicians 



Skilled 
Workers 



Unskilled 
Workers 



20 



11 



15 



32 



15 



HO 



1960 1995 



1980 1995 19S0 1995 



1980 1995 



1980 1995 



Sourcet FAST B, 2,ref. 5 and "3ernets Freratld", Oernets Arbejds- 
glverforenlng, Copenhagen 1983, 

The figures are predictions for a British production industry, 



join forces with the professional societies for the scientific 
and technological areas in order to secure that the younger 
generations are more adequately prepared for those future re- 
quirements which we can now predict reasonably well. If not, 
the future of the Danish society looks black. 
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TEACHING ENERGY AND MECHANICS IN GRADE 8 IN DENMARK. 
WHICH TOPICS? 

Carl Jargen Veje 
Department of Physics 

Royal Danish School of Educational Studies 
Emdrupvej 101 # DK-2400 Copenhagen NV, Denmark 



Introduction 

In 1975 a new syllabus for physics and chemistry in the 
Danish comprehensive school (lower secondary school) was intro- 
duced. 

In the old syllabus much attention was paid to everyday 
equipment. It was stressed that the teacher should teach "the 
light bulb, the electric heater, the iron (for ironing clothes), 
the doorbell, the telegraph, the telephone, AC- and DC-motors" 
and so on. 

In the new syllabus the main emphasis was placed on basic 
physical concepts and laws plus "THE scientific method". 

The Present Physics Syllabus for Grade 8 

One of the basic physical concepts being energy and some 
of the basic physical laws being Newton's laws it was decided 
that all children in the Danish comprehensive school should be 
taught mechanics - including Newton^s laws and mechanical 
energy - in grade 8. 

The authors of the textbooks have chosen to focus the pre- 
sentation of Newtonian mechanics on linear motion. When doing 
so, it is possible to measure and calculate the magnitude of 
accelerations in different laboratory situations. The key-point 
is to. "prove" Newton's 2nd law which, however, is scarcely used 
on any problem from everyday world outside o.f the classroom. 
Whereas the teaching of electricity and structure of matter in 
grade 7 to a large extent is based on the pupils^ own experi- 



ments in the laboratory, most of the experiments in Newtonian 
mechanics in grade 8 are demonstrations performed by the 
teacher , and the ticker-tape-timer and roller-skate-trolleys 
are used quite frequently. The teachers as well as the children 
get quite bored. For a naive, not very carefully listening 
pupil it might aetm as if the teacher is- doing almost the same 
experiment again and again and again. 

The teachers , of course, are not happy about the situation. 
Phrases like "the ticker-tape-timer psychosis" are used frequent- 
ly in the discussions among physics teachers and the teachers 
ask for changes in the syllabus. 

Good reasons for a change are, that the pupils do not 
grasp very much of the physical ideas and do not think that 
those ideas are of any use outside school. It might be added 
that several teachers think , too, that Newtonian mechanics has 
no relation to situations in everyday life: "Newton's 2nd law 
is valid only when there is no friction and no air resistance" . 
Once a teacher asked me: Can you point out any situation in 
real life where Newton's 2nd law is useful? 

Another example of an unsatisfactory outcome of the teach- 
ing concerns the concept "acceleration". Before entering grade 
8 the pupils probably have some "correct" and meaningful con- 
tent in this physical concept. Acceleration is something you 
might feel in your body when sitting in a car. It has to do 
with speeding up of motorbikes etc. According to the teachers , 
however, this content is almost completely washed away by the 

quite formal treatment, the calculations using the most peculiar 
2 

unit m/s etc. 

In the treatment of energy in grade 8 there are no similar 
difficulties. Generally the concepts of kinetic and potential 
energy are easily manageable by the pupils (and teachers). 
There are no extensive calculations in the books as far as 
"energy" is concerned. You might, however , ask whether the 
connection between the "clean" laboratory experiments and the 
energy problems in society is sufficiently stressed in the 
physics course. 
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What arc the most relevant physics concepts for those 
children who will not attend physics courses after grade 9 
Perhaps "potential energy" and "kinetic energy" are less i: 
portant concepts than "renewable energy" (energy from sun, 
etc.) and "stored energy" (coal, oil, natural gas). 



In-Service-Courses for Ph ysics Teachers 

At the Physics Department of the Royal Danish School of 
Educational Studies one of our jobs is to maintain a good con- 
tact to the folk-school to help the teachers to cope with some 
of their problems. We make educational research, we develop 
new materials (written materials as well as laboratory equip- 
ment) and we give in-service-courses for the teachers. 

The last four years we have run courses for teachers who 
have been forced (more or less) to take up teaching physics 
at school without having more than a superficial knowledge of 
physics. Such courses have been utilized as a test-lab for new 
ideas concerning the teaching af mechanics by my collegue Hans 
Lutken and myself. 

For the topic "energy" there seems to be no major 
difficulties in giving a presentation where physics, every day 
life and problems in society are connected in such a way that 
the teachers find it exciting, relevant and useful. 

The picture is different when Newton's laws are con- 
sidered. It hat been quite a challenge for us to try to make 
the teachers feel Newtonian mechanics relevant and to give a 
presentation so that the physical content and not the formalism 
is stressed. 

Last winter (1983-84) we tried that for the first time, 
in May 1984, at the end of the course, we gave the teachers a 
multiple-choice-test, the results of which clearly revealed 
that "preacientific" or "everyday" concepts and ideas ("frame- 
works") had survived quite well. E.g. a force is not something 
: acting on a body from outside, but something a body "has". It 
is an intrinsic property of the body. It is worthwhile to 



remember the findings of the PLON-group in Holland. The pupils 
obtained a much better understanding of the unit "Bridges" when 
emphasis was changed from discussing "pushes" and "pulls" on 
the different parts of a bridge to discussing "stresses" and 
"tensions" inside the different parts. 

The results of the tesi: were by no means more shocking or 
disappointing than the results of numerous other tests on 
mechanical problems from every day life, performed recently in 
several countries among pupils of primary school, pupils of 
secondary school.,.' and even university students. 

When designing our course we had, however, tried to take 
the existence of "prescientif ic frameworks" into account e.g. 
by telling about old Greek and medieval theories for motion and 
by showing the insufficiency of such theories. Faced in a test 
with a "non-textbook-problem" quite a large fraction of the 
teachers (our students), however, used a pre-Newtonian way of 
reasoning. 

At the GIREP conference in Utrecht August 1984 "The Many 
Faces of Teaching and Learning Mechanics" I hoped to get some 
ready-to-uae-solutiona to overcome the problems. There seems, 
however, to be no such simple solutions. 

At our course this winter Hans Ltttken and I have been 
stressing the qualitative aspects of Newtonian mechanics, almost 
completely avoiding calculations. 

Then other problems arise. As one of our students said a 
few days ago: It is simple logic that it is more difficult to 
bring a heavy object into motion than a light object. 

Although I do not like the way he used the word logic, I 
understand what he is trying to say. Are we simply trying to 
tell some straightforward and not too exciting things in a com- 
plicated and somewhat boring way? 

At the moment one of Hans Lutken*s and my own conclusions 
of our work for the last two years is that we have to concentrate 
the presentation of Newtonian mechanics on some important 
applications so that the pupils obtain new insight which they 
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find thrilling and exciting and perhaps even useful in everyday 
life or so that, the pupils solve problems which were insoluble 
to them before the courser and which they find worthwhile and 
useful to solve* 

Another conclusion is that Newtonian mechanics should 
probably take up only a minor part of the curriculum for the 
comprehensive school. As stressed by other speakers at this 
conference physics has such strong relations to many aspects 
in the development of the society and the conditions of life 
for the individual as well as the life of mankind that more of 
our efforts should probably be concentrated on coping with that. 



Reform of The Syllabus? 

Recently there has been important political signals that 
perhaps time has come to change the physics syllabus in Den- 
mark, one of the reasons being the concern of the "girls and 
physics" problem. 

Maybe the problem, however, is not only "girls and physics" 
but "pupils and physics". Several parts of the present physics 
curriculum ask for a revision. 

The reform of the syllabus in 1975 constituted an important 
step forward. Now time may have come for further improvement, 
and to that end this conference has provided some quite useful 
inspirations. 



Reference: 

The Many Faces of Teaching and Learning Mechanics 
Proceedings of a Conference on Physics Education 
Utrecht 20.-25. August 1984 
Published by W.C.C. - Utrecht 1985. 
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EDUCATIONAL TRADITIONS IN DANISH SCHOOL-CHEMISTRY 
AND AN INFORMATION ABOUT DANISH EDUCATION ACTS DU- 
RING THE LAST 170 YEARS. 

Svenn Wejdemann, 

Innovation Centre for General Education, 
Islevgard alle 5, 2610 Redovre, Denmark. 



The majority of danish science teachers will deny that we 

have such traditions, but admit that we at present are buil 
ding them up. 

THE EDUCATION ACT OF 1814. 



Denmark was the first country in tho world to have a Pri- 
mary Education Act that included a compulsory education. 
The .Act was available in 1814, a time or political distur- 
bances and economic decline for the country. Seven years 
before that, in 1807, the Danish Fleet had been captured 
by the British. The decline was fulfilled by a bankruptcy 
of the state in 1813, and in XSXk the' loss of Norway 
that had been under the Danish Crown for hundreds of years. 
Xhe Danish Kins; was definitely not estimated among the 
princes of Europe, and if he shouldn't know, the missing 
Invitation for the Vienna Congress in 18 15 proved so. He 
managed to sqeeze through under cover, - being the Count 
of some inferior Danish island as well as King of Denmark. 
The latter he forgot to mention. 

It looks like the time of depression gives a lift to the 
cultural life. During this period literature and painting 
are in full bloom, the so called 'Golden Age\ and a Pri- 
mary Act is created, an Act that almost outmatches the cur- 
rent one, for the part of its progressivity ±t> pedagogical 
matters* ^H^jViari 



NATURAL EXPERIENCE 
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All subjects concerning science were taught under the common 
denominator of 'Natural Experience 1 - in German language 
Naturkunde - t meaning that the pupil became versed in natu- 
ral science. Natural experience included natural history, 
describing the living nature, and physics t describing the 
non-living nature. Physics and chemistry are not mentioned 
in the 1814-Act as terras or titles. Its relatively high 
number of lessons per week underlines the importance and 
high-ranking position given to Natural Experience. It was 
outnumbered only by three subjects, religious instruction, 
mother tongue and math* 

The trend of to-day is that a subject called •Natural Infor- 
mation 1 should be introduced. The subject resembles the 
Natural Experience from the 181^-Act in an up to date version. 
To me it seems that the name Natural Experience stands for 
a higher qualification than just Natural Information. But 
the intention might be that the range of qualifications is 
extended. The unified school system demands so. 

The necessary abilities and experience for the teacher of 
Natural Experience is described in the 18lU-Act, 



■The teacher must possess a clear experience* and experi- 
mentbasod knowledge of general laws, powers and effect of 
nature. His knowledge should be of senseful use in everyday 
life as well as to give him insight in occurring natural 
phenomena. 1 
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NOTHING NEW UNDER THE SUN 



The Primary Education Act of 181U was characterized by the 
humanity of ita inventors. One school, part of the Count 
Reventlov's estn.t« Chriatianssade, the Count himaolf gave 
word to the ob v 1 ! 

'The mental strength of the children should be vidonod and ■ 
elaborated in school. The development must be accomplished 
at a moderate speed and in a way that makes the children 
find it a joy going to school* Things that are hard to learn 
must be mixed with easier ones. Consider, that the use of 
senses should be prior to the use of the intellect in the 

beginning of school life* Remember, that constant variations 
In methods facilitate, their attention. 

School hours must be short so that the child does not get 
bored and between lessons the children should be allowed to 
outdoor activities in order to recreate mind and body. The 
short school hours are also important for the parents, who 
will let their kids go to school more frequently, if there 
is time left for the necessary help at home* 1 

Now, why did the children need Natural Experience? Here are 
some 1814-Act biddings: 

1. Acknowledgement of phenomena in nature proves the omni- 
potence, wisdom And food'.ieee of Cod, 

2. Acquaintance with Natural Experience eliminates much 
bed superstition* 

3. Acquaintance with Natural Experiments is useful to common 
people in their dayly work. 

a. Acquaintance Kith Matural experience transforms nature 
into a friendly residence to its inhabitant * . 
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THS MALE/FEMALE "PROBLEM" 



The topic of to-day is the male/female problem. This problem 
was taken cart of in the following way by the Copenhagen 

; , . y»«lon of tho Act* My quotation! ' 
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What the girls neecj ffm tlffcural Experience t the ieacher will 
pass on to them during the Natural History. The boys on the 
othor hand ought to be especially taught in Natural E*pt*i*U«2e 
*s well as in technology so that they in due time will perform 
their handwork in a non-mechanical way. 

During the folic g Ikh years no Act made an effort to streng- 
then the education of physics anc chemistry* Especially t 
chemistry became a stepchild. Almost all countries having 
reached a certain level of culture had introduced chemistry 
as an independent subject in county schools , but in Denmark 
of all countries it was mistreated. Organic chemistry was 
subordinated Natural History t and the inorganic chemistry 
became part of physics. A study of old textbooks in physics 
reveals that chemistry was completely in the dark. 



MEMORIES . 

I was a pupil in county school under the 1937-Act. My personal 
memories concerning chemistry are confined to three experien- 
ces , that prevented me from repeating any of thorn t 

a; A brev. or r.ekl... .ub.titut. dropp.d e reth.r big lump 
. of .edit* into e bowl of wet.r. It .zplod.d end luckily It 
demoted only th. olothe. of th. elooor piee.d pupil., tv.ry- 
body wee eblt to walk out with th.ir sight unhurt. 

b. th. t.eeh.r eo.igaed to th. .ubj.ct int.nd.d to produc. 
povd.r, and .o h. eru.h.d pot.. alum chlorate In a mortar. Of 
course it w.nt .pert with e prop.r bong. 

c. I g*la.d e dotoaeiea hour b.cau.. I we. not ebl. to e.n- 
tion th. aiastooa el.m.nt. by h.art. I r.m.mb.r th.y w.r. 
plee.d in e footnot.. Sine, than I mod. it ay h.bit to r.od 
th. footnot.. ears cor.fully than th. prop.r t.*t. 

A coherent education in chemistry has not been received either 
by me or by my equals in age as far as memory goes. 

This state of the subject was totally changed with the 195S- 
Act even if chemistry still wasn't raised to become a subject 
on its own. 
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LESSONS PR. WEEK IN 



Phys ics/Chemistry . 





illiifilllli 1 v f| "I B 



TOTAL NUMBSR OP LESSONS : ca. 400 




IN I960 THE EDUCATION ACT OF 1958 WAS STARTED. 

This Act pointed out that ths •ducation in physics and chs- 
mis try should bo •xpsTimsntal . IjT a school was short of 

equipment for pupil's •sporimonts it mijht loosn its privilege 
of examinations . Luckily this Act was brought into life during 
the boom or the sixties. 
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LESSONS PR. WEEK IN 
Phys ics/Chemistry . 




TOTAL NUMBER OP LESSONS: 460 420 900 580 

Even if directions were described in a dull and rigid way, 
something was put to action. The 'Sputnik chock 1 in the late 
fifties promoted the equipmont situation, which was really 
needed. The full equipment from the l8lU-Act was composed of 
one static electricity machine, one raagntit, ono class prism 
and ona globs. 



ROYAL DANISH SCHOOL OF EDUCATIONAL STUDIES, 
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Ths establishment of a Toachsrs 'Training School meant an 
important step forward for the improvement and development 
of the subject. The teachers employed at the Training School 
were scientifically well educated and open-minded, they also 
took interest in communication with the local teachers. The 
field of the institute was both physics and chemistry, even if 
the subject in school waa called physics. 

A eloso cooperation betveen the union of teachers in physics 
and the institute gave birth to hundreds of courses all over 
the country. Later on the courses developed to last a yoar, 
a week or part of the summer holiday instead of one day. That 
really spread inspirations, technical and professional know- 
ledge to the teachers participating. Consequently it became 
much more e.tcitins to educate and to be t:ie learner. 
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Once there was a saying in Denmark gQing lika this: 
'Every new minister of education makes a new Primary Act, ' But 
the increasing speed of the passing govornements showed some 
difficulty in keeping up with this. In 1975 a now Act replaced 
the one from 1958, The 1938-directions vere published in one 
book all together. The 1975-directions had assigned one pam- 
phlet per subject, Tho intension was clear, corrections and 
rodoings concerning only one subject could be carried out 
cheaply and easily. Updating became a minor problem, - at 
least from this angle. 

Hie 1973-Act was accomplished by a team of teachers, 'experts' 
and lav people. As to the teachers there was aci honest will 
to give equal status to physics and chemistry, - the subject 
was given the name of physics /chemistry to stress it. It was 
a surprise to find the allotment to be as unequal as 73# of 
physics when the final curriculum became Available. The share 
In favour of physics was confirmed by the textbooks mostly 
applied. 




LESSONS PR. WEEK IN 
Physics/Chemistry . 



04U* ^j*tw,: 
ScUool Uauvv^ txa*«v** 

£XT£Ob6> &CHO01 LEAviwa 6XAHS. 
TOTAL NUMBER OF LESSONS: 9.th. form students: ca. 180. 
f.\-^ : y, , 1 0 • th ; form students : ca. 230. 
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THE PERIODICAL "FYSIK/KEMI * . 

The teachers of phyaica/ chemistry got their own periodical in 
197**, with a regular editorial ataff for phyaica, chemiatry and 
electronics. Lota of hint a and ideaa havo been paaaed on to the 
teacher in charge, eapecially the one who doea not feel too 
capable. 



RADIO- & TELEVISION PROGRAMS. 




»^sV 




X think the Intention of the old ISlW.ct is revived by 'hca© 
programmes on TV* 

A nice contribution to shape up physics, and even more che- 
mistry, is a series of programmes on TV produced by Radio 
Denmark meant for educational use. they are not coherent but 
have in common that the topic chosen is always exciting, 
relevant and of current interest. The booklets to go with the 
programmes sxe certainly qualified for a ten to fifteen lesaon- 
curriculum. 



WHAT DO. THE PUPILS MEAN ABOUT SCIENCE EDUCATION . 

Vhy is it that the subject is one of the most favoured by the 
16-17 "year olds? My guess is that th* tarctbooks edited on the 
base of the 1973-Act sxe well qualified. The fact that there 
is a test at the end of the education, giving it high status 
end power may play a part as woil. And I certainly hope that 
the interest taken by the pupils has its share too. 
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A year ago I performed an investigation together with 
professor Poul Thoraaen, Institute for Physics, on the atti 
tude to physics /chemistry. The inquiry addraasad 900 pupil 
at on age of 15*16 yoara. 
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To knov hov tha pupils fait about physics/chemistry thoy 
wore asked to doecribo tholr likes and diallkoe in alx 
fielder 



1. substances and their structure. 

2. electricity science. 

3. magnetism. 

k*. kinetics and mechanics 

5. nuclear physics 

6. chemistry (inorganic). 



Chemistry shoved to be the item responded to by most pupils. 
Chemistry was best llkod out of all sis topics. If tha girls 
paid an interest to the subject, the chemistry part vas chosen 
moe-t frequently. 
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Many teachers would prefer that. PHYSICS/CHEMISTRY became 
an optional schoolaubject. 1 believe that it would have a 
fateful and disaatrcus effect - it would be committing su- 
icide. Biology and Geography became optional school subject 
in 1976. Today 9 % of the students in 8.-10. form follow 
the education in biology and only 3 % geography : 



SOMETHING TO THINK ABOUT . 




that the way, we ir« ttachi.19 SCIENCE ?? 



COULD THIS BE TRUE ????? 



Don't believe that children are 
able to understand physics. 

PHYSICS IS FOR ADULTS ! 

Don't believe that ordinary people 
are able to understand physics: 

PHYSICS IS FOR EXPERTS ! 

Don't believe that women are 
able to understand physics: 

PHYSICS IS FOR MEN I 

Don't believe that physics teaching is 
able to give youngsters v/onder and de- 
light - or even fun. 

PHYSICS IS EXACT MEASUREMENTS AND 
COMPLICATED FORMULAES 1 

Don't believe that physics has any con 
nection v/ith imagination, intuition or 
feelings. 

PHYSICS IS LOGIC !!! 
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SMALL GROUP 



A N D 



PANEL DISCUSSION 



REPORTS 
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NORDIC COOPERATION IN SCIENCE AND TECHNOLOGY EDUCATION 
Report of discussion group No. 1 on May 9, 1985. 

Hannu Kuitunen 

The discussion group had representatives from Denmark, Finland, 
Norway, and UNESCO* 

In the group it was noted that each Nordic country is a 
relatively small unit when development in education is considered. 
The opinion of the group was that common projects in the area 
of science and technology education among the Nordic countries 
will be profitable and possible. A better exchange of informa- 
tion about effects in science and technology education is needed. 

Acting as a group, the contribution of the Nordic countries 
to international cooperation in science and technology education 
could be enhanced. 

It was agreed that the Unesco network for information in 
science and technology education offers a suitable frame to 
organize such common efforts. 

Recognizing these factors the group suggests the following 
proposals be supported by the conference : 

1. In each country efforts should be encouraged to create 

a national network for information in science and technology 
education to work as a part of the international network 
created by UNESCO* 

2. A Nordic Conference on Science and Technology education 
should be organized once every two years. The next conference 
is suggested to concentrate upon the following themes: 

- the public image of science and technology education 
(girls and science, the public opinion etc.) 

- science and technology education and industry 

- interdisciplinary teaching 

* science education as a discipline 

- computers in science and technology education 




Information about events concerning science and technology 
education in each Nordic country should be distributed in 
the whole region. A possible means of doing this is to 
establish a Nordic Journal of Science and Technology. 



Members of the group: 

Sheila Haggis, Unesco 

Poul Erik Hansen, Denmark 

Nils Hornstrup, Denmark 

Hannu Kuitunen, Finland (chairman) 

Leif Lybeck, Sweden 

Erik Thulstrup, Denmark (part time) 
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BIOTECHNOLOGY IN THE SCHOOL 

Report of small group discussion No. 2 on May 9, 1985. 
O.E. Heie 

The purposes of teaching biotechnology, and also the methods, 
in the primary school and the secondary school are different. 
The techniques themselves and the scientific results are 
essential in the secondary school, where the aim of education 
is academic efficiency and preparation for continued studies. 
Teaching in the primary school shall prepare the pupils to be 
generally well-informed, responsible, and active citizens. 

The ultimate aim is that a personal and active attitude 
based upon a certain insight is chosen. 

This means that the individual is able to and also wants 
to get involved. 

The group discussed the problems connected with politicians 1 
presentation of questions to the population to provoke an open 
debate on topics little known or unknown to the majority of 
people, e.g. the question of future energy policy. 

The biotechniques, especially in-vitro- fertilization and 
screening of human embryos, cause unsafeness. People are afraid 
that we shall be able to get too much knowledge of human genes 
because it demands an increasing number of difficult decisions. 
It will be more and more difficult to decide if a child shall 
be born or not. 

It is necessary to get knowledge enough to get a reasonable 
chance to understand what experts explain. The political decisions 
depend on the individual citizen, so the personal decisions affect 
the development of the community. 

The attitude shall be personal, but teaching cannot be neutral 
Biological as well as social and humanistic approaches are needed. 
Knowledge of the economic forces are important. 

The techniques can be subdivided into two kinds, those 
affecting production and those affecting reproduction. The former, 
in which the boys seem more interested, are mainly economically 
evaluated, while 'the evaluation of the- latter, in which the girls 
seem more interested, primarily is ethical. 

It is important that the pupils are prepared to seek further 




information on problems in their future life. The basic know- 
ledge given in the school shall be that necessary to ask the 
right questions. 

Training in making ethical consideration can probably 
best be carried out in situations where the pupils play 
distinct roles so that they get involved in concrete decision 
making. Information on the view of other people should be added. 



Members of the group: 

Ole E. Heie 
Flemmlng Llbner 
Siw Skrevset 
3an A. Andersson 
Anita Ferm 
Knud Oohnsen 
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SCIENCE AND TECHNOLOG Y EDUC ATION ; COO PERATION WITH 
DEVELOPING COUNTRIES, held on Thursday, May 9, and 



LABORATORY WORK AND LOCALLY PRODUCED EQUIPMENT, held 
on Friday, May 10, 

The following persons attended one or both discussion 
groups: 



The groups discussed several aspects of science and tech- 
nology eduatlon with special concern at the ways and 
means of cooperating with developing countries. The 
areas which are the focus of attention of science educa- 
tors all over the world Include 

(a) Development of simple equipment 

(b) Laboratory experiments 

(c) Software for computers 

(d) Audio-visual material 

(e) Interdisciplinary approach to teaching of science. 

It was felt that the Nordic Centre should take some Ini- 
tiatives In arranging collaborative programmes with the 
developing countries of the South-Asian region. This can 
be first done by exchange of Information between the In- 
terested persons on both sides* This should be followed 
by an exchange of materials like equipment, videotapes, 
etc. which have been developed on either side. The third 
aspect can be an exchange of scientists especially In the 
younger age group so that the expertise available at one 



3.V. Kingston 
Frits Ablldgaard 
Yuri Alferov 
3.3. Christiansen 
Hllde Harncs 



Blrglt Tejg 3ensen 



A* Kornhauser 
R . Poh joranta 
Krishna Sane 



Svenn Wejdemann 
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place can be used to train potential users at the other 
place. Some members of the group felt that agencies like 
DAN IDA etc. should be approached for raising funds for 
such collaborative projects. It Is also Important that 
all the programmes undertaken should be time-bound and 
properly reviewed from time to time. 
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CURRICULUM DEVELOPMENT: SCIENCE IN SOCIETY 



Participants : 

Christensen, Claus Denmark 

Heikkinen, Henry USA 

Josephsen, Jens Denmark 

Lybeck, Leif Sweden 

Meisalo, V. Sweden 

Nielsen, Henry Denmark 

Paulsen, Albert Denmark 

Ringnes, Vivi Norway 

Stromdahl, Helge Sweden 

Tullberg, Aina Sweden 

Veje, Carl J©rgen Denmark. 

The discussion took place in a very relaxed atmosphere, 
and the group soon concentrated its efforts on giving useful 
advice to potential curriculum developers in this important 
field. A general consentus was reached upon the following re- 
commendations: 

- All students should at least sometimes during their science 
teaching be confronted with a science and Society course in 
order to become aware of the enormous influence of science 
on our daily lives and on the technological development of 
our modern societies. 

- science in Society courses may be very different in charac- 
ter? no particular philosophy can be singled out as the best 
one. 

- The development of Science in Society curricular materials 
will often get started at universities or teacher training 
colleges but to be successful it is absolutely necessary to 
get practical school teachers involved in the development 
work. They ere the ones who can contribute exciting 
educational ideas which will eventually sell the material to 
teachers as well as to students. 

- Social science people should be consulted during the 
development work. Otherwise one runs a great risk to 
oversimplify social issues in an unacceptable way. 

- In the development of Science in society courses one should 
probably always start from the basic scientific ideas one 
wants to present to the students. Then select an interesting 
and motivating issue as object for a case study which will 
serve a double purpose, namely to cast light on the 
relevance of science to society and to lead to a better 
understanding of the fundamental physical or chemical ideas 
by the students. Projects without a nucleus of basic 
scientific knowledge have no value from an educational point 
of view, since no transfer can possibly take place to other 
situations which are only a little different from the case 
actually studied. 

- Finally, it is no doubt a very good idea to find a 
well-known scientist to recommend .the project! 
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NOTES FROM THE DISCUSSION CROUP "SCIENCE TEACHER TRAINING" 



Participants: 

Aina Tullberg 
Laif Lybeck 
vaijo Maiaalo 
Helge StrQmdal 
(Erik W. Thulatmp) 

Tha group agrsed, that tha pedagogical studies of acianca taachara 
should ba pro parly content-oriented. It ia important for a taachar to 
ba abla to analyse tha contents to be taught* ita structure, difficul- 
ty, etc. 

The ecientific background behind teachers 1 daily work is the "ecience 
of ecience teaching". Tha group strongly favoured the use of terme 
"Didactics of Chsmistry", "Didactics of Physics", etc. for theee scien- 
ces. These should be developed ee diciplines on the university level. 

An eseentiel part of taecher education should consist of getting ex- 
perience of ressarch and development work related to didectice of the 
relevant subject. Xt may include e.g. development of new educational 
materials. 

During teacher education also open attitude for continuous education ae 
well ae for picking up new ideas, should be developed. On the other 
hand, reeourcee for in-service education of ecience teachare should 
have especially high priority ifuAhe Jfcture. 



MICROCOMPUTERS IN SCIENCE AND TECHNOLOGY EDUCATION 



Tha diacuaaiona in tha group on aducational 
computing Mara atypical, in compariaon nith tha 
diacuaaiona in tha othar grbupa . Tha croup nae 
not a am all group, it nib a rathar crondad 
diacuaaion room. And tha participanta apant quita a 
lot of tima Matching damonatrationa of aavaral 
packata of aducational aoftnara, inataad of having 
diacuaaiona. 

In tha diacuaaiona a ahort introduction to 
aducational computing waa givan. Diffarant modaa of 
uaa of tha microcomputar in aducation nara 
mantionad. Diatinctiona wara mada among i 

1 ) computar baaad aida» including 

ayatama for nord procaaaing, apraadahaata f 
programa or data collaction 

2 ) tha computar aa a taachlng machina 

3) tha computar aa a aimulaton aimulation 
and microHorlda 

4 ) databaaaa 

tn tha ahort diacuaaion that follonad. 




it Mas often emphasised that the computtr mm a 
teaching madium ia aaay to misuse* It is aaay 
to for gat that thinking on educational computing 
doaa not mean thinking on computers • but thinking 
on education* 

Ref. Bant B . Andreaen 

Partiiipantei 

Svenn Hfjdeeonn, Deneerk 

Hilini 8#reneen, Deneerk 

31m Skrtveet, Norway 

Vivi Ringnec, Norway 

Chr. Petreech, Deneerk 

Albert C. Paulsen, Deneark 

Peter Norrild, Oeneerk 

Henry Nielsen, Oeneerk 

Aleksandra Kornheueer, Yugoelevie 

Nile Hornetrup, Dsnaark 

HennlnQ Henrikien, Oeneerk 

H.C. Hilt, Deneerk 

Henry Helkkinen, USA 

Hilda Harneft, Norway 

Anita Fere, Sweden 

Bent I. Andresen, Oeneerk 

Jen Alfred Andersson, Norway 
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CURRICULUM DEVELOPMENT: MOTIVATION FOR CAREERS IN SCIENCE AND TECHNOLOGY 
Chairman: Birgit Tejg Jensen 

Participants: Flemming Libnoir, Knud Johnsen and Tapani Kananoja 



The conference lectures and discussions have left the impression of con- 
fusion about the conception of the phenomena Science and Technology. 
We define Science as Biology, Chemistry, Geology, Matematics and Physics. 
Technology is defined in the conference paper of Knud Johnsen: Biotech- 
nology at the secondary l*vel. 

The conference is perhaps mainly concentrated on Science teaching at 
primary school level, although there are very few people with daily 
practice in this school system among the participants. This stresses 
two problems: 1. The organisation of primary school teachers and the 
lack of intense coordination between primary- and secondary school 
teachers and university teachers. 2. Our ability to recommend curric- 
ulum alterations for the primary school. 
Our principal proposals: 

A. The curricula should be more interd isciplinary-problem oriented. 
The childrens* world i.a not divided in disciplines e.g. Industrial 
production is a concrete factory: People working, raw materials, 
manufacturing, products etc. but not chemistry, biology etc.. 

B. Preparation of teaching materials . 

Teachers of the science elements in the subjects do not necessarily 
have to be science teachers. In Danish schools problems like nuclear 
energy, nuclear war etc. are treated in social science disciplines. The 
fundament for this teaching is grassroot movement and newspaper 
publications. If we want science presented in a different way, we 
need to produce some alternative teaching material. 
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Sciences are hard disciplines 

We shall not cheat the youngsters to believe that natural science 
studies are an easy challenge to the intellect. When the children 
are matured to formal thinking, at the age of 14-15 years, the 
science teachers can begin to create a deeper understanding of 
the disciplines, eventually using the science elements of a few 
problems as motivation for a denper understanding. 
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INTERDISCIPLINARY SCIENCE EDUCATION 



Chairman: 



Birgit Tejg Jensen 



Participants: Yuri Alferov, Sheila M. Haggis, Krishna V. Sane 



Some of the problems discussed at this small group discussion were 
strongly related to the conclusions of the small group discussion, 
Curriculum development: Motivation for careers in science and 
technology. The meaning of interdisciplinary teaching was referred 
to the definition in Terminology of science and technology educa- 
tion, Unesco International Bureau of Education 1984: 
"Teaching in which the sciences are linked together and possibly 

with ether subjects such as mathematics, history, geography. 

This may or may not involve a multidisciplinary team of teachers 

working together". 
We could conclude that 

A. Interdisciplinary is dependent on local/individual conception 
of disciplines/school subjects. 

B. Interdisciplinary teaching is often focussing on a problem in 
the "real world", often more relevant to the children than the 
traditional subject examples. Among others we can point out som< 
problems as severe hindrances for introduction of interdiscipli- 
nary teaching in the primary school. 

The traditional teacher education and the organisation of teache 
in discipline unions give a strong tendency to stick to the sub- 
ject teaching. 

The normal time schedules for the primary school must be partly 
reorganized. 

Interdisciplinary teaching is time consuming. 



og Svenn Wejdemann. 
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SCIENCE AND TECHNOLOGY EDUCATION: BIOLOGY 

Ole E. Heie f Denmark 

Knud Johnsen, Denmark 

Flemming Libner, Denmark 

Siw Skr^vset, Norway 

Jan Alfred Andersson, Norway 

The group discussed the problems and possibilities of science 
and technology teaching of different school levels. 

In the primary school we find it important that the pupils are 
motivated through their own experiences not to loose their cu- 
riosity to the physical world (the environment and their body). . 
They should learn to use ther.e senses, and the subjects should 
be handled cneatively on basis of the pupils investigations* and 
experiences. 

But we need (at, least in Denmark) qualified teachers, and we 
find that, a main reason for the lack of interest in the'-sciences 
at the higher levels. is due to the lack of qualified science 
teaching in the primary school. 

In the lower secondary school the pupils should be trained in 
problemsolving. But the problems have to be real and relevant 
to the individual or the society - and not ,, model-problera3 ,, , 
Real problems are interdisciplinary, and the sciences must 
therefore be an integrated part of. the total education. Again 
we need qualified teachers, and we recommend team-teaching 
between science teachers and teachers from other areas, (social 
science, mother tongue etc.). Examples can be environmental 
problems, sound, use of resources, production or "life-sty*-?" 
(use of computers, sex, fast food, test tube baoies etc.). . 

In the upper secondary school the training in problemsolving 
should be continued together with a preparation for further 
education.- in biology the following themes are central : Produc- 
tion and .technology, nature and environment, health, and bio- 
logy as a science, giving the students a broad insight and un- 
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derstanding of biological disciplines (ecology, genetics, bio- 
chemistry, physiology etc.) and their application (biotechnolo- 
gy, agriculture, environmental management etc.). The education 
must include laboratory work; as well as field-studies in order 
to train the students to analyse and criticize scientific me- 
thods and results. 
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SCIENCE AND TECHNOLOGY EDUCATION: 
PHYSICS 

Small Group discussion. May 11. 

Participants: Claus Christensen 
Hilde Harnss 
V. Heisalo 
Henry Nielsen 

Albert C.Paulsen (chairman) 
Christian Petresch 
Carl Jargen Veje. 



1. Technical aspects. 

Physicsteaching has a special obligation concerning the 
technical aspects of complicated modern Technology. 

The technical topics should not be formally specified 1n 
a curriculum. They should be about wellknown technical 
material for the purpose of exemplification and demy- 
st1f1cat1on of technology. Also basic concepts 1n Physics 
should be examp11f1ed by more simple technical material. 

The purpose of demystlflcatlon especially applies to modern 
1 nformatlontechnology. "Looking Inside" a computer can only 
be done in Physicsteaching whereas computerizing can be taught 
and used in special courses or 1n different disciplines. 



2. Vocational aspects. 

Physics and- Technology teaching has significant vocational 
aspects. It was claimed, that modern Industry need people 
with specific skills, which especially may be advanced 1n 
Physics and Technology teaching. The keywords of these skills 
are analyzing, organizing, cooporatlon 2nd decisionmaking. 
But developing these skills <n the Physics Laboratory 1n 
schools can not be done 1f teaching 1s tight up by a specified 
curriculum with a rigid syljabus . Also for the reason of 
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developing vocational skills the curriculum has to be open 
and flexible. 



3. Social and political aspects. 

The social and political aspects must be part of the 
teaching of Physics and Technology. They are of course 
important matters in the social sciences, but they have 
also to be considered in their proper scientific context. 
Physics teachers are usually afraid of getting involved 
with political aspects. On the other hand this seems not 
to be a problem in the social sciences where politics is 
part of the curriculum. Consequently the possibility of 
including the issue in the curriculum in a more formal way 
should be considered. Some countries seems to have succeeded 
1n including energyprobl ems and energypoli ti cs in their 
curriculum. 
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SCIENCE AND TECHNOLOGY EDUCATION: 
CHEMISTRY IN GENERAL 



Jam J. Christiansen 
Helene Sorensen 
Henry Heikkinen 
Yngve Lindberg 
Jens Josephsen 



A major problem was localized, concerning the interface be- 
tween science teaching in the lower secondary school and that 
of upper secondary school. When entering the upper secondary 
school, the students' actual knowledge about science and tech- 
nology vary very much, and what is learnt in the lower secon- 
dary school is often not recognized. The training of science 
teachers for the two different schools are very different (in 
Denmark at 2i'*:*t). This contributes strongly to the problem. 
Extension of die cooperation between different science tea- 
chers associations across existing "borders' 1 is highly recom- 
mended . 
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STUDENTS 1 UNDERSTANDING OF CHEMICAL CONCEPTS 



The group consisted of: Vtvi Ringnes, chairman (Norway), Leif Lybeck, Helge Str8mdahl, 
Aina TuUberg (Sweden), Raimo Fohjoranta (Finland) and Poul Erik Hansen (denroark). 
and part time Erik Thulstrup. 



It is important that people who do research on "Students'understanding of natural science 
concepts" in the Nordic countries, talk to each other and exchange ideas and information. 
The group discussed the possibility of organizing a larger Nordic meeting on the under- 
standing of natural science and technology conceptions, misconceptions and alternative 
framework. The aims would be to 

- Inform each other on the different projects run, on future possible projects.on journals etc, 

- discuss the methodology used in the different types of surveys 
• look for areas of common interest 

and thus try tc 

- initiate studies of similar type to look for general patterns 

- initiate different investigations in common areas to get a broader understanding. 

Support for such a meeting could be applied for at different funds. Invitation to the first 
meeting should be sent to Universities, Teaching High Schools, Pedagogic Seminars, 
Science Teachers 'Organisations, and National Boards of Education. Participants in the first 
meeting will elect a consultative group for further Nordic approaches in the field. 
A preliminary organising meeting will be held in Gothenburg in the middle of June, 
with 1-3 people from each of the Nordic countries. Vivi Ringnes and Leif Lybeck 
will be responsible for the planning of this preliminary meeting. 
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PANEL DISCUSSION 



Members of the panel: 

Sheila Haggis • chairman 

Henry Heikkinen 

Krishna Sane 

Vivi Ringnes 

Albert Paulsen 

Yngve Lindberg 

V. Meisalo 



The chairman suggested five issues which could be 
of interest to discuss 

a) A journal about science and technology education in the 
Nordic countries 

b) Better cooperation in science education in the Nordic 
countries 

c) Technology 

d) Science and society 

e) Computers in science education 



Yngve Lindberg It is important to have science education in compulsory school. 

It could be combined with technology. 

Vivi Ringnes The teachers in compulsory school need inservice trailing to be 

able to teach science and technology. 

V. Meisalo The network UNESCO is setting up is good. It is too early to 

know if it will work. A journal in the Nordic countries is a 
good idea. 

Albert Paulsen We have no material for technology teaching. You could have saint 

teachers on a course and then let them educate other teachers 
in their area. 

Krishna Sane It would be very important for developing countries to get 

information from the Nordic countries. India, for instance* 
would be happy for a copy of educational video programs, software 
and on? set of equipment. It is also good to have an exchange of 
students and scientists. But you need a program and you need 
money. Maybe DANIDA, SIDA and the corresponding organisations 
in other countries, and UNESCO could support with money. 
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Henry Htikkinen 



Sheila Haggis 
Yngve Lindberg 

Finnish 
participant 



Why a network? Because the total is better than the simple sum 
of the individual parts. It is easy to share ideas. It is 
important th«at a network get some inmediate results. The cost 
.of* transparencies, for instance, is very low and transparencies 
are easy to send by mail. We need more science in vocational 
education. We know science and can offer that to teachers in 
technical training. 
We are for Nordic cooperation. 

We ought to choose one person in each country who should get 
the information and then send it to those who are interested . 

Suggestion: Each country should try to build a national network 
for information about science and technology education. The 
national network would work as part of the UNESCO network. 

A Nordic conference should be held every second year. 



A voting gave a majority for a conference in 1987 in Sweden. 



Yngve Lindberg 
Sheila Haggis 



•Henry Heikkinen 

p V. Heisalo 

| Sheila Haggis 

Erik Thulstrup 
| Vivi Ringnes 



ir 

5K> 



This conference 1985 can recotraiend each country to establish a 
national network. 

You can request money from UNESCO for, for instance, a workshop 
about science and technology education. You have to work through 
the national committee. 

The chairman asked about a journal with information and 
descriptions of experiments, etc. 

If every country had one responsible person, this person could 
collect information about meetings, workshops and experiments 
and you could create a rather simple newsletter. 

You could arrange with a translation service in Finland. 
Perhaps the Ministery of Education in Helsinki could help. 

Perhaps you could start with a bilingual newsletter. Could 
Erik Thulstrup start voluntarily? 

Could Norway instead? 

Norway will probably start a national journal and will not take 
the responsibility for a Nordic journal. 

The chairman made the conclusion that it was not the right 
time to start a Nordic journal about science and technology 
education. She thanked everybody for participating in the 
conference. 
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WEDNESDAY , MAY 8. 



4,00 - 6.00 p.m. Registration 

6.00 p.m. Reception in Apartment No. 218 

7.00 p.m. Dinner 
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THURSDAY, MAY 9. 



8.00 a.m. Breakfast 

9.00 a.m. Opening of the Conference! 

Erik W. Thul9trup 

Henning Andersen, President of the 

Royal Dani9h School of Educationsi Studie9 

9.15 - 10.30 a.m. Chairman: Lei f Lvbeck. Sweden 

Henry Nielsen, Denmark: 
A New Danish Science - Technology - 
Society Course. Background and 
Philosophy. (30) 

Albert Chr. Paulsen, Oenmark: 
Science, Technology and Democrati- 
zation - a Curriculum for Tomorrow? (15) 

Anita Term and Yngve Lindberg, Sweden: 
Report from the Stockholm Conference 
"Girls and Physics". (15) 

Helene Serensen, Denmark: 

Girls and Science Education, (15) 

10.30 - 11.00 a.m. Coffee Break 

11.00 - 12.30 p.m. Chairman: Vivi Ringnes , Norway 



Henry Heikkinen, USA: 

Chemistry in the Community. (30) 

Hannu Kuitunen, Finland: 
A Visit to Industry as a Means of 
Motivating Learning in the Senior 
Secondary School. (15) 

Ole E. Heie, Denmark: 

Teaching of Biotechnology in the 8th- 

10th Grade. (15) 

Flemming Libner, Denmark: 

Experiences from Teaching Biotechnology. (15) 
Knud Johnson, Denmark: 

Experimental Biotechnology at the Secon- 
dary School Level. (15) 
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12,45 p.m. Lunch 
2.00 - 2.45 p.m. Chairman: John V. Kingston, Une9CQ 



Apartment No. 215 

» » 214 

» M 119 

it m !20 

6.00 p.m. 
7.00 - 10 p.m. 



Krishna V. Sane, India: 

A Model for Self-Reliance in Science 

Education Resources. (45) 

Small Group Discussions : 

1, Nordic Cooperation in Science and 
Technology Education, 

Chairman: Hannu Kuitunen, Finland, 

2, Biotechnology in the School, 
Chairman* Ole E, Heie, Denmark, 

3, Science and Technology Education: 
Cooperation with Developing Countries, 
Chairman: John V, Kingston, Unesco, 

4, Curriculum Development: Science 
and Society, 

Chairman: Henry Nielsen, Denmark, 

5, Girls, Science and Technology, 
Chairman: Helene Serensen, Denmark, 

Dinner 

Informal Discuesiona 




FRIDAY, MAY 10, 



8.00 Breakfast 

9.00 - 10.30 a.m. Chairman: Ynqve Lindberg. Sweden 
V. Meiaalo, Finland: 

Futurology and Education of Physics and 
Chemistry Teachers. (30) 

Leif Lybeck, Sweden: 

Reaearch in Science and Math Education at 
GSteborg. (15) 

Bent Chriatiansen , Denmark: 

Theory of Mathematics Education: 

Recent Developments and Major Problems. (15) 

Henry Heikkinen, USA: 

An In-Service Teacher Training Programme. (30) 



10.30 - 11.00 a.m. Coffee Break 

11.00 - 12.30 P.m. Chairman: Thor A. Bak, Denmark 

Leif Lybeck, Helge StrSmdahl and Aina Tullberg, 
Sweden: 

Students 1 Conception of Amount of Substance 
and its Unit 1 Mole. (30) 

Christian Petresch, Denmark: 

Physics and Chemistry Experiments with very 

small Computers (ZX81 and equiv.). (15) 

Jern J. Christiansen, Denmark: 
Home-made Equipment which Focuses on the 
Concept Amount of Substance. (15) 

H.C. Helt, Denmark: 

Science Education at the Secondary Level as 
a Preparation for Further Studies. (15) 

Yuri Alferov, Unesco: 
. Activities of the International Bureau of 
Education within Science and Technology. (15) 
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12.45 p.m. 
2.00 - 2.45 p.m. 

2.45 - 5.45 p.m. 
Apartment No. 216 

m 213 
" 116 
" U 4 



Lunch 



Chairman: Henry Heikkinen. USA 

Aleksandra Kornhauaer, Yugoslavia: 
Searching for Patterns of Knowledge in 
Science Education. (45) 

Small Group Discussions : 

1. Science Teacher Training. 
Chairman: V. Me.iaalo, Finland. 

2. Laboratory Work and Locally Produced 
Equipment • 

Chairman: John V. Kingston, Uneaco. 

3. Microcomputers in Science and Tech- 
nology Education. 

Chairman: Bent B. Andresen, Denmark. 

4. Curriculum Development: Motivation 
for Careers in Science and Technology. 
Chairman: Birgit Tejg Jensen, Denmark. 

5. The Terminology of Science and Tech- 
nology Education. 

Chairman: Yuri Alferov, Uneaco. 



7.00 p.m. 



Conference Dinner 
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SATURDAY, MAY 11. 



8.00 a.m. Breakfast 

9.00 - 10.30 a.m. Chairman: Krishna V. San e, India 
Leif Lybeck, Sweden: 

A Survey of Swedish Research on Interests in 
Natural Science and Technology. (15) 

Peter Norrild, Denmark: 

Themes Relating Science and Technology in 
the Early Stage of the Chemical Curriculum 
- some Ideas and Discussed Examples. (15) 

Vivi Ringnes, Norway: 

The Understsnding of Chemistry among 

(Norwegian) Studenta. (30) 

Birgit Tejg Jensen, Denmsrk: 

Interdisciplinsry Environmental Education. (30) 
10.30 - 11.00 a.m. Coffee Break 

11.00 - 12.35 p.m. C hairman: A. Kornhauser. Yugoslavia 

Carl Jargen Veje, Denmark: 

Teaching Energy and Mechanics in Grade 8 

in Denmark. Which Topica? (15) 

Claua Chrietenaen, Denmerk: 

Changea in Science and Technology Education 
in Physics in the Dsnish Gymnssium. (15) 

Svenn Wojdemsnn, Denmsrk: 

Educstionsl Traditiona in Danish School 

Chemistry. (15) 

Jens Josephsen, Denmark: 
Focua on Everyday . Chemical Experience in 
the School. Motivation of Narcissists and 
Concrete Thinkers? (15) 

Poul Erik Hansen, Denmark! 
Obaervations and Reflections on Everyday 
Chemical Phenomena in Introductory Chemistry. 
Formation and Uae of a Common Minimal Baae. (15) 

Erik W. Thulatrup, Denmark: 
Superstition or Science Education. (5) 



Shells M. Haggis, Frsncet 

Unesco Activities in Science end Technology 
Education. (15) 



Apartment No. 116 
ii ii 114 

m ii us 

m ii 212 

ii ii 120 

6.00 p.m. 



Lunch 

Small Group Discussions : 

1. Interdisciplinary Science Education. 
Chairman: Birgit Tejg Jensen, Denmark, 

2. Science and Technology Education: 
Biology. 

Chairman: Knud Johnsen, Denmark. 

3. Science and Technology Education: 
Phy8ica . 

Chairman: Albert Chr. Paulsen, 
Denmark. 

4. Science and Technology Education: 
Chemi8try in General. 

Chairman: Jens Josephsen, Denmark. 

5. Studenta' Understanding of Chemical 
Concepts • 

Chairman: Vivi Ringnes, Norway. 
Dinner 




SUNDAY, HAY 12. 



8.00 a.m. 

9.00 - 10.50 a.m. 

10.30 - 11.00 a.m. 
11.00 - 12.30 p.n. 
12.45 p.m. 



Breakfast 



Reports from Small Group Discussions 
(5 min. each, in the same order as 
in the programme) 



Coffee Break 



Panel Discussion 



Lunch and Departure 
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